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EXECUTIVE SUMMARY

Investigation of soil contamination at the 903 Drum Storage Area (903 Pad), 903 Lip Area (Lip
Area), and Americium Zone was performed to provide characterization data for subsequent
evaluation of remedial alternatives for site cleanup. Historically, drums which were stored at the
903 Pad between 1958 and 1967 leaked hydraulic fluids and lathe coolant containing plutonium
and depleted uranium. This release-contaminated surface and subsurface soil with radionuclides
and volatile organic compounds (VOCs). The VOCs have migrated into the shallow groundwater
system beneath the 903 Pad.

The primary purpose of this investigation was to estimate the volume of contaminated soil above

the Rocky Flats Cleanup Agreement (RFCA) Tier I Radionuclide Soil Action Levels (RSALSs)
and Subsurface Soil Action Levels (SSALs). Another objective of the investigation was to
characterize surface soil to 10 pCi/g americium-241 (**' Am) using gamma spectroscopy field

* instrumentation. This characterization would allow for identification of surface soils exceeding

_Tier I RSALs. Remedial alternatives will be evaluated in the Interim Measure/Interim Remedial
Action (IM/IRA) Decision Document based on these volume estimates.

Delineation of radiologically-contaminated soil in the Americium Zone was performed in-situ
using gamma-ray spectroscopy methods, which employ a high purity germanium detector
(HPGe). The HPGe instrument was used to obtain 1110 contiguous gamma ray measurements
with a circular field of view of 10 meters in diameter within the investigation area. Given this
coverage, nearly the entire Americium Zone investigation area was surveyed for radionuclides.

The HPGe measurement results were correlated with alpha spectroscopy measurements of
radionuclides in eight co-located surface soil samples. The resulting best-fit regression model
was used to standardize each HPGe ' Am measurement to a laboratory-derived **' Am and
297249py; alpha spectroscopy measurement. The correlation results for **'Am and 23972490py; were
input into the RFCA Tier I and II RSAL sum of ratios equations to determine HPGe
measurements locations exceeding the respective action levels.

Based on the standardized HPGe results, surface soil at approximately 37% of the HPGe
‘measurements locations within the Americium Zone has radionuclides exceeding the RFCA Tier

II RSALs. The RFCA Tier Il RSAL exceedances are a result of elevated activities of **?*Puand
2IAm. Within the Americium Zone, 2***°Pu activities ranged from 6.32 pCi/g to 938.42 pCilg

and **' Am activities ranged from 4.91 pCi/g to 149.22 pCi/g.

Contamination of surface and subsurface soils at the 903 Pad and Lip Area was delineated with
data obtained from borings at evenly Faced grid nodes. Radlologlcal samples from 79 boring
locations were analyzed for 2*2U, 2°U, 28U, 2*2%py, and **' Am using alpha spectroscopy.
VOC samples were collected from 17 bormg locations and were analyzed for VOC contaminants
of concern which included carbon tetrachloride, chloroform, cis-1,2- dlchloxoethene methylene
chloride, tetrachloroethene, and trichloroethene.

Based on the data obtained from borings in the 903 Pad and Lip Area, most of the surface soil (0
to 6 inches) is contaminated above Tier I and Tier Il RSALs. ”**°Pu and *"' Am activities within
the 903 Pad and Lip Area ranged from 0.82 pCi/g to 152,260 pCi/g and 0.15 pCi/g to 31,670
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pCi/g, respectively. Radiological contamination was also detected in the subsurface soil at depths
of 6 to 12 inches and 12 to 18 inches within the 903 Pad and Lip Area; however, 239240py and
%! Am activities decreased by orders of magnitude at progressively deeper soil horizons.

Artificial fill at the 903 Pad is contaminated above the RFCA Tier I1 RSALSs at one location
(Boring 91898). Soil at this boring has elevated levels of **' Am (126 pCi/g) and >***°Pu (558
pCi/g). Asphalt samples from the 903 Pad were also collected for waste characterization
profiling but were not compared to RFCA Tier I and Tier II RSALs.

Contaminated soil volumes were based on the areas and depths of Tier I and Tier I RSAL
exceedances. The total volume of contaminated soil exceeding Tier I RSALs is 2,236 m® (2,924
yds®). The total volume of soil exceeding Tier Il RSALSs is estimated at 11,287 m® (14,762 yds®).
Relative to Tier Il RSAL exceedances, the amount of radiologically-contaminated soil at the 903
Pad is 1,889 m® (2,471 yds3); in the Lip Area is 4,027 m’ (5,267 yds3); and in the Americium
Zone is 5,371 m’ (11,287 yds’).

No VIOCs were detected above the SSALs in the samples collected from the 17 boring locations
" within the 903 Pad and Lip Area. However, PCE, TCE and 1,2-DCE exceeded proposed Tier |
and Tier II SSALs in several borings near well 08891. The total volumes of contaminated soil
above Tier I and Tier I SSALs are 557 yds® and 3,566 yds®, respectively. In addition, 138 yds®

of contaminated soil containing elevated levels of radionuclides and VOCs are also present.
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1.0 INTRODUCTION

This report summarizes data collected to determine the location, area, and volume of soils
potentially requiring evaluation, management, or remedial action at Individual Hazardous
Substancé Site (IHSS) 112 - 903 Drum Storage Area (903 Pad), IHSS 155 - 903 Lip Area (Lip
Area) and Americium Zone, located at the Rocky Flats Environmental Technology Site (RFETS).
Figure 1-1 provides the locations of the THSSs and the Americium Zone. Remedial alternatives
will be evaluated in the Interim Measures/Interim Remedial Action (IM/IRA) Decision Document

based on these volume estimates.

Previous investigations have been conducted in these areas to evaluate the extent of

* contamination, and the data collected have been reported in the Operable Unit (OU) No. 2 Phase
1T Resource Conservation and Recovery Act (RCRA) Facility Investigation/ Comprehensive
Envirgnmental Response, Compensation and .Liability' Act (CERCLA) Remedial Investigation
(RFI/RI) Report (DOE, 1995). However, these data do not provide the resolution necessary to
accurately quantify the volume of soils that may require evaluation, management, or remedial
action. Furthermore, with respect to VOC contaminated soils, the data do not support the
conceptual model of a dense non-aqueous phase liquids (DNAPL) release at the 903 Pad, a model
convincingly supported by groundwater data collected at this IHSS. Accordingly, the data

reported herein were collected to fill these data gaps.

1.1 SITE BACKGROUND

Releases at the 903 Pad (IHSS 112) are consideéred the primary source of r:;di;lc;giéai o
contamination in the surficial soil in this part of the RFETS. Drums that contained hydraulic
fluids and lathe coolant contaminated with plutonium and uranium were stored at this location
from the Summer of 1958 to January 1967. Approximately three fourths of the drums contained
liquids contaminated with plutonium while most of the remaining drums contained liquids
contaminated with uranium. Of the drums containing plutonium, the liquid was primarily lathe
coolant and carbon tetrachloride in varying proportions. Also stored in the drums were vacuum
pump oils, trichloroethene (TCE), tetrachloroethene (PCE), silicone oils, and acetone still

bottoms (DOE, 1995; RMRS, 1997b).
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Leaking drums were noted in 1964 during routine handling operations. The contents of the
leaking drums were transferred to new drums, and the area was fenced to restrict access. When
cleanup operations began in 1967, a total of 5,237 drums were at the drum storage site.
Approximately 420 drums leaked to some degree. Of these, an estimated 50 drums leaked their
entire contents. The total amount of leaked material was estimated at around 5,000 gallons of
contaminated liquid containing approximately 86 grams of plutonium (DOE, 1995; RMRS,
1997b).

From 1968 through 1970, some of the radiologically-contaminated material was removed from
the 903 Pad and Lip Area, some of the surrounding Lip Area was regraded, and much of the area

was covered by an imported base coarse material and an asphalt cap was placed over the most

. contaminated area resulting in the 903 Pad. However, during drum removal and cleanup

activities, wind and rain (stormwater erosion) spread plutonium-contaminated soils to the east and
southeast from the 903 Pad area resulting in IHSS 155 (903 Lip Area). Several limited
excavations have removed some of the plutonium-contaminated soils from the Lip Area (DOE,
1995; Barker, 1982; and RMRS, 1997a). However, results from the OU2 Phase II RFI/RI
sampling and analysis and this investigation confirm that radiologically-contaminated soils

remain.

Surface soils to the east and southeast of the Lip Area also exhibit elevated Plutonium-239/240
(**2%py) and Americium-241 (*' Am) activities. This contamination is primarily attributed to

wind dispersion from the 903 Pad with potential contributions from historical fires, stack effluent,

-and.stormwater related surface soil erosion. Areas exhibiting elevated 2924%py and **' Am

activities east and southeast of the Lip Area are known as the Americium Zone.

1.2 ROCKY FLATS CLEANUP AGREEMENT |

The Rocky Flats Cleanup Agreement (RFCA) is a legally binding agreement between the
Department of Energy (DOE), the Environmental Protection Agency (EPA) and the Colorado
Department of Health and Environment (CDPHE) to accomplish the required cleanup of

radioactive and other hazardous substance contamination at and around the RFETS. Action

levels and cleanup levels for interim remedial actions have been established for surface water,
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ground water, and soils and are presented in Attachment 5 of RFCA; “Action Levels and
Standards Framework for Surface Water, Ground Water, and Soils (ALF)” (DOE, 1996). TierI
action levels are numeric levels that, when exceeded, trigger an evaluation, remedial action,
and/or management action. Tier Il action levels are numeric levels that, when met, do not require
remedial action and/or institutional controls. Action levels for surface and subsurface soils have
been established. Surface soil is defined in the ALF as shallow soil to a depth of 15-cm.
Subsurface soil is defined in ALF as soil between a depth of 15-cm and the top of the water table.
Currently, Radionuclide Soil Action Levels (RSALSs) for surface soils are being applied to
subsurface soils until subsurface soil action levels are established. This application of RSALs to
subsurface soil is conservative since human exposure to subsurface soil would be less than to

surface soil under a given future use scenario.

The DOE, EPA, and CDPHE have committed to an annual review of all applicable new and
revised statues, regulations, written policy, and guidance to determine if an amendment to RFCA
is necessary. Based on the 1998 annual review, revisions to the Subsurface Soil Action Levels
(SSALs) have been proposed which has resulted in revised Tier I action levels and the inclusion
of new Tier II action levels for organic compounds. In addition, an independent review of the
soil action levels is currently being conducted by the Rocky Flats Soil Action Level Oversight
Panel. Based on this independent review and the results from erosion modeling being performed
by the Actinide Migration Evaluation Panel additional revisions to the soil action levels may be

probosed in the future.

. .. For this site characterization, contaminant concentrations in surface and subsurface soils have

been compared to both Tier I and II RSALs, current fiefl S:SAﬂsi,t and 'p:ro})érsédyTiefI and TierII ™ 7~~~ -~ =~

SSALs (Kaiser-Hill, 1999a) in order to assist in the development of the best management strategy

for site cleanup.

]

The parameters of interest include the activity/concentrations of the following

radionuclides/compounds:

e Plutonium. -239/240 (239/240Pu);

e Americium-241 **'Am);
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e Uranium-234 (*U);

e Uranium-235 (*U),

e Uranium-238 (***U); and N
e VOCs (subsurface soils only).

Metals, semivolatile organic compounds, pesticides, and polychlorinated biphynels were
eliminated as potential contaminants of concern based on data evaluation from previous

investigations (DOE, 1995).
Radionuclides- Table 1-1 provides the Tier I and Tier II RSALSs for an open space use exposure

scenario (RSALs for an industrial use exposure scenario also exist but are not applicable to the

- study area).

Table 1-1 RFCA Tier | and Il Radionuclide Soil Action Levels

2391240py, 1429 252
| 2341y 1738 307
) 235 135 24

238 586 103

If a mixture of radionuclide contaminants a, b, ¢ are present in the soil with activities a,, a,, and
a, and if the applicable RSALs, are A,, Ay, and A, respectxvely, then the actmty in the sonl shall

be considered as exceeding the RSALs if the sum of ratios (SOR) is greater than l ie.,

H aa ab ac :
Sum of Ratios (SORs)= —++ —+—%>1 (Equation 1-1)
A, A4 A

a b c

If individual radionuclide activities in surface or subsurface soils exceed Tier I or Tier I RSALs,

or the sum of ratios exceed 1, an evaluation, remedial action, and/or management action is

triggered.
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| Volatile Organic Compounds -Table 1-2 provides the current Tier I SSALs and the propoéed
| Tier I and Tier Il SSALs for VOC contaminants of concern in soils at the 903 Pad .

ke
i Jhe COMB, 3

Carbon Tetrachloride

Chioroform

1,2,-Dichloroethene

(Total)

Methylene Chloride . 577 0.578 0.00578
Tetrachloroethene 1.5 3.15 0.0315
Trichloroethene 9.27 3.28 0.0328

As with the radionuclides, if the concentrations of VOCs in soil exceed Tier I or Tier Il SSALs
(either current or proposed), an evaluation, remedial action, and/or management action is

triggered.

1.3 EXISTING DATA

Numerous investigations to assess the extent of contamination at the 903 Pad, Lip Area, and

Americium Zone have been conducted. These investigations are briefly described below.

1.3.1 Surface Soils

High Purity Germanium (HPGe) Surveys - HPGe surveys conducted in 1990 (EG&G, 1991)and - - - - - ..
1994 (DOE, 1995; RMRS, 1997b) provide useful information on the activity of **'Am in surface

soils over the Americium Zone study area. These data were collected on a 150-foot grid to

accommodate the HPGe detector’s field of view (FOV) of 150 feet in diameter (17,671 ft%)

(Figure 1-2). Surveys were not conducted over the 903 Pad and Lip Area and soil samples were

not collected to supplement the surveys. The results from these surveys were utilized to define

the boundaries of this characterization’s investigation area.
=)

Surface Soil Radiological Data - Surface soil samples were collected in support of the OU2 Phase
II RFI/RI (DOE, 1995). As detailed in the RFI/RI, samples were collected utilizing two sampling
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methods; the Colorado Department of Health (CDH) sampling method and the Rocky Flats (RF)
sampling method. Surface soil sample results were compared with Tier I RSALs. The results of

the comparison indicated that samples collected from five 2.5-acre plots exceed the Tier  RSALs.

" These plots include two 2.5-acre plots (Plots 28 and 34) sampled using the CDH sampling

method and three 2.5-acre plots (Plots 29, 36, and 46) sampled using the RF method (Figure 1-3).

1.3.2 . Subsurface Soils

Subsurface Soil Radiological Data - Three data.sources were evaluated to determine the depth of
radiological contamination within the study area: 1) RFI/RI borehole data (DOE, 1995); 2)
RFI/RI soil profile pits (DOE, 1995); and 3) samples collected in support of a 1980 soil

- decontamination project (Rutherford, 1981). Results from the RFI/RI borehole samples were

compared to RSALs and revealed that no samples exceed the Tier  RSALs. However, samples
collected from soil profile pit TR08 exceeded Tier I RSALSs to a depth of 27 centimeters (cm)
(10.6 inches[in]). Soil profile pits were sampled at 3 cm (1.2 in) intervals to a total dépth of 1
meter (m) (3.28 feet). Samples collected at soil profile i)it TRO6, located adjacent to pit TROS,
were not analyzed because activities exceeded the DOT shipping requirements. It is assumed that

radiochemical results from pit TR06 would also exceed Tier I RSALs, if analyzed.

Soil samples collected beneath the 903 Pad in support of the 1980 soil decontamination project
exceeded Tier I RSALSs to a depth of 66 cm (26-inches) (RMRS, 1997b). This depth exceeds the

_ thickness of the asphalt pad and the depth of imported base coarse material and indicates
- radiological contamination of natural undisturbed soils at the 903 Pad. However, no RFI/RI soil

borings detected radiological contamination in excess of Tier I RSALs. Asaresult,a discrepancy ~ T T -~

with the depth of radiological contamination between these investigations exists.

Subsurface Soil VOC Data - Three sources of data were evaluated to determine the nature and
extent of contamination at the 903 Pad: 1) RFI/RI borehole data (DOE, 1995); 2) IM/IRA soil gas
survey results (DOE, 1994); and 3) groundwater monitoring well data.

Borehole sample results from the RFI/RI were compared with current Tier I SSALs revealed that

no samples exceeded the current Tier I SSALs for organic contaminants. The soil gas survey
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indicated that the highest VOC concentrations were located immediately south of the southeast
corner of the 903 Pad. Tetrachloroethene was detected at 27,000 micrograms per liter (ug/L) at a
depth of 5 feet. However, at adjacent soil gas locations and boreholes, tetrachloroethene is either
not detected or detected at very low concentrations. Soil gas concentrations for the remaining
portion of the 903 Pad ranged from 0-500 ug/L with the highest concentrations around and north

of monitoring well 08891 (Figure 1-4).
133 Groundwater

A VOC-contaminated groundwater plume extends from the 903 Pad area to the east. The highest
concentrations are found in groundwater sémples collected from wells 06691 and 08891, which
are located on the asphalt portion of the 903 Pad. Concentrations of contgminants in groundwater
decrease rapidly moving eastward from the 903 Pad area. The primary groundwater contaminant
in well 06691 is carbon tetrachloride with concentrations ranging from 51 to 100,000 ug/L. -
Methylene chloride (150 to 29,000 ug/L) and chloroform (92 to 46,000 ug/L) are also observed.
Groundwater sample results for well 08891 indicate thé primary contaminant as PCE at
concentrations ranging from 470 to 27,000 ug/L, along with carbon tetrachloride (290 to 17,000
ug/L), cis-1,2,dichloroethene (94 to 2,900 ug/L) and TCE (210 to 4,600 ug/L). The next highest
concentration of carbon tetrachloride in groundwater is found in samples collected from well
13191, which is located west of the well 06691 and off the western edge of the 903 Pad. At this '

location, observed carbon tetrachloride levels ranged from 122 to 4,800 ug/L."

-Concentrations. of VOCs in groundwater decrease rapidly moving eastward from the 903 Pad area

which is supported by a review of historical groundwater datét(bé)rl:l,rl995:; RMRS, 1997b). Asa = "~~~ - -

recent example, during the June 1998 groundwater sampling, well 06991 had 210 ug/L PCE and
well 1587 had 880 ug/L PCE which are two orders of magnitude less than the concentration
observed in well 08891 with 27,000 ug/L PCE (Figure 1-4). This decrease in concentration is a
result of contaminant dilution due to the distance between the well on the 903 Pad and

downgradient well locations east of the 903 Pad.

. Because of the complex nature of DNAPL transport and fate, DNAPL may often be undetected

by direct methods leading to incomplete site assessments and inadequate remedial designs (EPA,
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1992). A guide for estimating the potential for a DNAPL source at a site includes assessing if

concentrations of DNAPL-related chemicals in groundwater are greater than 1% of the pure

phase solubility of the compound (EPA, 1992).

Table 1-3 provides a comparison of the pure phase aqueous solubility and concentrations of
DNAPL-compounds detected in groundwater at the 903 Pad (wells 06691 and 08891) from a

June 1998 sampling event of monitoring wells 06691 and 08891. The comparison indicates that

PCE and carbon tetrachloride have been detected in groundwater samples at 13.5% and 10.7% of

their aqueous solubilities, respectively. The results of this comparison and known historical site
uses, indicate there is a potential for pure phase organic contaminants in subsurface soils beneath

the 903 Pad.

TABLE 1-3 Comparison of Pure Phase Aqueous Solubility with
Concentrations in Groundwater Samples - Selected VOCs

G ompounds; gll)
Carbon Tetrachloride 85.0 10.7
Chloroform 4.4 0.1
cis-1,2,dichloroethene 1.3 0.04
Methylene Chloride 29.0 2.2
PCE 27.0 13.5
TCE 1,100 1.3 ' 0.12

'EPA, 1996. Soil Screening Guidance: Technical Background Document
1.4 SURFICIAL GEOLOGY

The surficial geology in the study area consists of Quaternary alluvium, colluvium and élump
deposits along with artificial fill, soil and debris deposits, and disturbed soil. The surficial
deposits overlie bedrock which consists of weathered claystone and minor bedrock sandstones of
the Cretaceous Arapahoe and Laramie Formations. Surficial deposits consist of sandy clay and
clayey gravel. Soil developed over the alluvium is rocky and sandy in contrast to the clayey soils

developed over the claystone bedrock.
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For this investigation, the surface and subsurface soils were subdivided into six soil horizons: (1)
the Native 1 soil horizon consists of natural soils from 0 to 6 inches (surface soils); (2) the Native
2 soil horizon designates subsurface soils from 6 inches to 1 foot: (3) the Native 3 soil horizon
designates subsurface soil from 1 to 1.5 feet; (4) the Native 4 soil horizon designates subsurface
soil from 1.5 to 2.0 feet; (5) the Native group consists of Quaternary alluvium from the bottom of
the Native 4 soil horizon (2.0 feet) to the bedrock contact; and (6) the Bedrock group consists of

consolidated geologic material from the undifferentiated Laramie/Arapahoe Formations.

Artificial fill is present directly beneath the 903 Pad and in the Lip Area as a result of previous
remediation activities. In November 1968 “slightly-contaminated” soil was graded from outside
the fence at the 903 Pad into the fenced area to Be capped. In September of 1969 a base coarse
(artificial fill) material overlay, soil sterilant, and asphalt primer were constructed for the 903
“containment barrier” (Pad). The asphalt pad was constructed in October of 1969 and was
reportedly 3 in (7.6 cm) thick. The thickness of the base coarse materials beneath the 903 Pad
was assumed to be approximately 8qinches (20 cm). In‘February 1970, operations were initiated
to apply additional fill (base coarse) over the Lip Area due to soil contamination. The thickness
of the fill material reportedly ranged from 0.8 in (2 cm) to 5.1 in (13 cm) (DOE, 1995; RMRS,
1997b).

1.5 SITE CONCEPTUAL MODEL

- “The contaminants present in the surface and subsurface soil are primarily a resuit of drum storage

in the 903 Pad area. Drums containing hydraulic fluids and lathe coolant contaminated with © T

plutonium and uranium leaked onto the surface soil. The liquids from the drums may have
moved downward towards the bedrock surface, possibly carrying a fraction of the radionuclides
into the subsurface along preferential pathways such as rodent holes, desiccation cracks, and/or
along decayed roots. High winds and heavy rains spread the surficial radiological contamination

outward from the 903 Pad, depositing it on surface soils in the Lip Area and Americium Zone.

Previous HPGe surveys from the study arca and surface soil sample data show that, in general,

higher concentrations are present near the 903 Pad, and concentrations decrease with increasing
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distance from the 903 Pad. Immediately east and south of the 903 Pad and Lip Area, there are
areas of higher concentrations which may be the result of wind and surface water dispersion of -
contaminants (DOE, 1995). Accounting for the surface soil and HPGe sampling already
collected from the 903 Pad area to Indiana Street, and the direction of surface water flow from the
903 Pad towards the South Interceptor Ditch, it was concluded that hot spots are not likely to be

present to the east, outside of the Investigation Area (Figure 1-4).

The source of subsurface VOC contamination is suspected to be present directly beneath the-area
where drums were previously stored (DOE, 1995; RMRS; 1997b). The liquid contained in the
drums may have migrated downward towards the bedrock surface. An east-west paleochannel is

cut into the bedrock, with the greatest depth to bedrock located toward the middle of the 903 Pad

- (DOE, 1995; RMRS, 1997b; RMRS, 1997¢). Available subsurface and groundwater VOC data

(see Section 1.3) indicates that any potential source of DNAPL contamination is limited to the

area under the present 903 Pad. The VOC contamination east of the 903 Pad is limited to the

dissolved phase in groundwater as supported by groundwater data (see Section 1.3.3) (DOE,
1995; RMRS, 1998¢). '

1.6 PROJECT INVESTIGATION AREA
Based on the foregoing evaluation of the existing data in the study area, an Investigatioﬁ Area

was defined for this site characterization that represents the area where additional data is required

to refine the volume estimate of contaminated soils (Figure 1-4). The Investigation Area

- represents that portion of the study area which is known, or in which a potential exists, for surface

and/or subsurface soils to exceed Tier I RSALs and current Tief I éSALs These areas include:

o Surface soils exceeding 10 pCi/g **' Am as identified in the 1990 and 1994 HPGe surveys;

o Areas where artificial fill (and asphalt) has been placed over natural soils including the 903
Pad, Lip Area, and areas remedied in 1976, 1978, and 1984,

e Five 2.5-acre plots identified as exceeding Tier [ soil action levels based on OU2 RFI/RI
surface soil sampling results: and

o The 903 Pad and Lip Area where a subsurface VOC source is suspected as the source of a

groundwater contaminant plume.
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'2.21° ~ HPGe Methodology - =~ - -~~~ oo

2.0  FIELD INVESTIGATION

2.1 OVERVIEW

The lateral and vertical extent of radiological and VOC contamination was assessed within the
proposed investigation area. The lateral extent of radiological contamination in the Americium
Zone and a portion of the Lip Area were primarily assessed using a non-intrusive HPGe field
method. The HPGe method results were “standardized” by correlation to radiochemical data
collected by sampling surface soils from selected HPGe measurement locations, and analyzing
these samples for radionuclides using alpha spectroscopy. The lateral and vertical extent of
contamination of the 903 Pad and a majority the Lip Area was assessed utilizing sample
collection methods employing a Geoprobe®, and analyzing the samples for radionuclides and
VOC:s in a laboratory. The data were collected pursuant to the Sampling and Analysis Plan for the
Site Characterization of the 903 Drum Storage Area (IHSS 112), 903 Lip Area (IHSS 155), and
Americium Zone (SAP) (RMRS, 1998a). | i

2.2 SURFACE SOIL INVESTIGATION

239240p,, BIBA 231 and 28U in surface soils within the Americium

The activities of ' Am,
Zone and a portion of the Lip Area were measured insitu using an HPGe survey together with

radiochemical analyses of surface soil samples.

The HPGe instrument measures insitu activities of 2‘“Am, 251U and 28U. For this investigation,
the HPGe measurement had a field of view (FOV) of 10 m in diameter with the detector placed 1-
meter (m) over the ground surface. The Compendium of Insitu Radiological Methods and
Applications at Rocky Flats Plant (EG&G, 1993) provides a detailed discussion on the physics of

insitu measurement of radionuclides in the environment.

The HPGe survey focused on the Americium Zone (Figure 2-1) and includes all surface soils with

elevated concentrations of *”?°Pu and/or **' Am identified during the OU2 RFI/RI including:
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-efficiencies with different vertical gi§§gibu}ion§ was prepared and the standard acquisition

e The 35 HPGe measurements which exhibit elevated (above 10 pCi/g) **'Am
activities; '

e The area directly below the culvert which drains the 903 Pad and Lip Area where
sediments are deposited during surface runoff events; and

* The five 2.5-acre plots which surface soils exceed Tier ] RSALs.

The HPGe system used to perform insifu measurements for the investigation employs the
Canberra Insitu Object Counting System (ISOCS) software. In order to estimate counting
efficiencies, this software requires the entry of various parameters which should accurately

represent the actual field conditions at the site. One important parameter is the distribution of

. contaminants vertically. In the HPGe investigation area, contamination was deposited via

airborne and/or surface water releases. This resulted in a distribution with high activities near the
surface and decreasing activities with depth, which may follow an exponential function. Surface
soil sampling was previously performed in the study area to determine the vertical distributions.
In general, the radionuclides are cor;cehtrated in the tob 5-cm. Based on available data, the
ISOCS model assumes all contamination is contained in the top 5-cm, and it is distributed with

66% in the top 3-cm and 33% in the next 2-cm. This distribution was used to be consistent with

 the surface soil sampling methodologies (RMRS, 1998a), which specifies sampling surface soil to

a depth of two inches (5 cm). In addition, the contribution from **' Am below a depth of 5 cm in
soil is quite small. Itis possible that the actual distributions in the top 5-cm may be more

concentrated near the surface or more uniformly distributed throughout the 5-cm layer. A set of -

analyzed.

Results:
Default 2 layer 0-3 cm 66%, 3-5 cm 33% “Am = 12.2 pCi/g '
Single layer, 0-5 cm uniform 'Am =143 pCilg
3 layers, 0-1.5cm 50%, 1.5-3 cm 30%, 3-5 cm 20% “lAm =11.6 pCilg
3 layers, default with 1cm grass cover “IAm =13.2 pCi/g
2 layer with 0-3 cm 60%, 3-5 cm 40% *'Am =122 pCilg
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As can be seen, the overall error of a likely range of possible distributions is about +/- 10 %.

222 Double Sampling Correlation Technique

To “standardize” the in-situ method, a double sampling technique was employed whereby soil
samples were collected from select HPGe measurement locations (RMRS, 1998a) and analyzed

2390240, | 233/24d7 1 235 2 . 241
Pu, U, °U, and ?*U using alpha spectroscopy, and **'Am

in the laboratory for **'Am,
and U using gamma spectroscopy. [The gamma spectroscopy data was collected by the
laboratory to simply "validate" the alpha spectroscopy results, and the two sets of results are

comparable as indicated by their linear relationship with a slope of one [(Table 2-1) (Figure 2-2)].

Table 2-1 Laboratory Gamma Spectroscopy Results vs. Laboratory Alpha

Spectroscopy Results — *'Am

SStatar TR “‘66&;%:%%%’“;

30 3.67 3.67

104 19.08 27.80
265 45.46 49.32
266 21.89 22.60
305 745 11.05
406 107.86 77.27
460* 111.09 148.23
669* 57.84 57.85

* Real and Duplicate Sample Results Averaged

* In order to acquire a good double sampling correlation over the anticipated range-of *!Am. -

activities, eight HPGe measurement locations were selected that encompass five 2! Am activity
intervals; 0-10 (three measurements), 10-20, 20-50 (two measurements), 50-100, and 100-200
pCi/g. These intervals were selected based on detection frequencies of 2 Am activities measured
in surface soil samples collected in support of the OU2 Phase II RFI/RI (DOE, 1995; RMRS,
1998a). \

Multiple HPGe measurements were taken at some of the double sampling locations for quality

control. These results are provided in Table 2-2. In these cases, the measurements at each double
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sampling location were averaged to create the HPGe data set used in the correlation. Table 2-2

also indicates the HPGe measurements at each double sampling location are relatively uniform.

Fifteen (15) grab samples were then collected at each double sampling location; (;11e grab sample
from the center; four grab samples collected at 1- m radius, and ten grab samples from 3-m
radius. Figure 2-3 provides this surface soil sampling géometry which was developed by the
DOE (DOE, 1997) at the Fernald Environmental Management Project site in Ohio in order to
correlate HPGe results to surface soil results. The 1-m and 3-m radius grab samples were then
composited into a 1-m and 3-m sample representative of each individual band. Therefore, three
separate alpha (and gamma) spectroscopy analyses were performed at each double sampling

location.

Samples were collected in this “bulls eye” pattern to mimic the averaging done by the field HPGe
detector over the instrument FOV. The HPGe detector receives gamma-ray photons from every
point within the circle; however, it receives more gamma rays from soil closer to the detector than
from soil further from the detector. If the circle is divided-into concentric bands, the relative
weighting factor for each band can be calculated based upon the percentage influence of gamma
photons at the detector which ofiginates from a given band of soil, assuming a uniform source
distribution with depth and a one MeV photon energy. The relative weighting factor is the
relative importance of each band with respect to the probability of gamma-rays emitted from
within that band being detected by the HPGe (Table 2-3). The sample results were multiplied by

the weighting factor per band, then the products were summed to determine the activity of the

. soils in the FOV area. Tables 2-4 and 2-5 provide the results of these calculations, including

adjustment for moisture content in order to report results on a wet W;ig:httof "insitu moisture"
basis. Note that if field duplicate samples were collected at a given double sampling location, the
"real" and "duplicate" data were averaged (denoted as "combined"), and the "combined" data

were used in the weighted averaging process to develop the data for the correlation.




!

Table 2-2 HPGe Americium-241 Results at Double Sampling Locations
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Table 2-3 Surface Soil Samples Weighted Average Calculations

Total

2.2.2.1 Alpha Spectroscopy/HPGe Plutomum 239/240 and Americium-241

Correlations

The linear regressions (using the method of least squares) between the alpha spectrometry data

(®"*%Py and **' Am) and the HPGe data (**' Am) show very high degrees of correlation (Figures

2-4 and 2-5). The correlation coefficients (R) are greater than or equal to 0.97. The 2'Am (alpha

spectrometry) to **' Am (HPGe) correlation has a slope (1.25) near 1.9 and a small intercept (4.43

pCi/g) near zero as would be expected when correlating the activities of the same radionuclide.

The 2*?*°Pu (alpha spectrometry) to 2*' Am (HPGe) correlétion has a slope of 8.08 which is

within the expected range of 2**** Pu to 2*' Am activity ratios considering the in-growth of *' Am

in weapons grade plutonium over 30 to 40 years (elapsed time since the release). The intercept

(3.24 pCi/g) is also small in magnitude. These results indicate the regression lines are appropriate

models to correlate HPGe data to alpha spectrometry data.

However, according to the SAP (RMRS, 1998a), the 95% upper confidence limits (UCL) of the

~linear.regressions are to provide the equations to calculate the activities of these isotopes in the

surface soils at all in-situ measurement locations (see Figures 2-4 and 2-5). Examination of the

results from using the 95% UCL to determine RSAL exceedances strongly suggest this

alternative “model” to be overly conservative. Figures 2-6, 2-7, and 2-8 show RSAL

exceedances in surface soils in the Americium Zone based on the direct HPGe results', the least

square regression lines (“best fit” lines), and the 95% UCL equations for the “best fit” lines,

! Because 2”*° Py is not measured directly by the HPGe instrument at low levels, the ***° Pu data used to

determine RSAL exceedances was estimated using the 2”2*° Pu to **'Am activity ratio of 5.8 derived from
the slope of the regression line (Figure 2-9) for the **** Pu and **' Am alpha spectroscopy results from the
surface soil samples collected at the eight double sampling locations (usingTeal and duplicate sample

results).
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Table 2-5
Alpha Spectroscopy Results for Plutonium-239/240 at Double Sampling Locations
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respectively. Also plotted on these figures are RSAL comparisons for historical surface soil data
(0-2 inches) from the OU2 RFI/RI trenching investigations (DOE, 1995) and a surface soil
investigation conducted by the Actinide Migration Evaluation Project (RMRS, 1998f). These
figures also provided RSAL comparisons for the alpha spectrometry results of surface soil
samples collected at the eight double sampling locations for this investigation. Analytical results.

and RSAL comparisons for these surface soil samples are provided in Tables 2-6, 2-7 and 2-8.

As would be expected, Figures 2-6, 2-7, and-2-8 indicate progressively higher actinide levels in
surface soils, i.e. increasing numbers of Tier I, and in particular, Tier Il RSAL exceedances. As
can be seen, the “best fit” line results (Figure 2-7) are substantiated by the historical data. For

example, unlike the HPGe “direct” results (Figure 2-6), the Tier Il exceedances plotteo using with

- the “best fit” line (Figure 2-7) extend to the south bordering on location TR09 (a Tier II

exceedance), and extend to the east encompassing locations TR12 and AME 5398 (also Tier I
e,‘\'ceedances). Also, unlike the 95% UCL results (Figure 2-8), the “best fit” results (Figure 2-7)
indicate actinide levels below Tier II to the north at HPGe Measurement Location 30, to the east
at HPGe Measurement Location 305, and southeast at ’i‘Rl 1. Thus, RSAL exceedances for the
“best fit” line (Figure 2-7) are most consistent with the historical and the alpha Spectroscopy data,

and the best fit line is the chosen model to standardize the HPGe results.

2.2.2.2 Alpha Spectroscopy/HPGe Uranium-235, -238 Correlations

As shown in Figures 2-10 and 2-11, correlations for the alpha spectrometry/HPGe data for 2°U

and 2*U were not performed because in both cases the uranium isotopes were not detected by.

insitu HPGe. The plots show minimum detectable activities-when the isotopes were non-

detected. Also alpha spectrometry did not measure detectable levels of U, and only in a few
instances was *U detected at estimated activities. Therefore, 2°U and **U results from the
HPGe survey in the Americium Zone were used directly as the surface soil radiological data for
these isotopes. The lack of correlation for the uranium data does not impact the findings reported
herein because the activities of uranium isotopes are well below the Tier 11 RSALs throughout the
investigation area. |

233234
f

The activity o U was calculated based on the fact that 2**U is usually in equilibrium with

28 (the activity contribution of **U is insignificant). The equilibrium between the radioactive
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2WCU2 109.9000
REAL |PU-239/40 | 535.3000{pCi/g
j‘ REAL [U-233,-234| 1.0080|pCi/g
REAL |U-235 0.0819|pCilg
: : REAL |U-238DA 1.3520(pCilg
TR00421WCU2 3-6 REAL |AM-241 63.7300[pCilg 0.622 3.523
f REAL [PU-239/40 | 459.9000{pCi/g
REAL |U-233,-234| 1.2540|pCilg
“ REAL |U-235 0.0359|pCirg
“ REAL [U-238DA 1.5680|pCilg
TRO5 2086570 748918| TRO0367WCU2 0-3 REAL |AM-241 71.1800|pCilg 0.789 4.468
“ REAL |PU-239/40 | 646.6000|pCi/g
REAL {U-233,-234| 2.2070|pCi/g
REAL |U-235 0.0000|pCig
REAL |{U-238DA 2.2070|pCilg
TRO0366WCU2 3-6 REAL [AM-241 34.1200|pCi/g 0.429 2.433
REAL |PU-239/40 | 381.3000|pCi/g
REAL |U-233,-234| 1.4260|pCi/g
REAL |U-235 0.0483|pCilg
: REAL |U-238DA 1.6100|pCilg
TRO9 2086350 748432|TROO300WCU2 0-3 REAL |AM-241 23.3700|pCilg 0.251 1.424
: “ REAL [PU-239/40 | 198.7000|pCi/g
; REAL |U-233,-234| 1.1960|pCi/g
REAL |U-235 0.0636|pCi/g
: REAL |U-238DA 1.3920|pCirg
TR00299WCU?2 3-6 REAL |AM-241 22.2800|pCilg 0.251 1.422
i REAL |PU-239/40 | 204.4000|pCilg
j‘ REAL |U-233,-234| 2.0480|pCi/g
h REAL |U-235 0.0439|pCi/g
| REAL |U-238DA 1.6620|pCi/g

jéOR - Sum or ratios
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Table 2-7 Alpha Spectroscopy Results of Surface Soil Samples HPGe Double Sampllng Locatlons
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0.684 0.026 0.915 0.18
0.797 0.041 1.108 0.09
0.804 0.077 1.671 0.72
0.967 0.069 2.197 1.18
0.748 0.028 1.108 0.48

Radionuclide results reported as the weighted averages over the HPGe measuements field of view

SOR - Sum of ratios
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parent (**U) and daughter (P*U) suggests the activity ratio between these two isotopes should be
1.0. Surface soil data collected in support of the OU2 Phase II RFI/RI supports this relationship
with an average activity ratio of 0.97 between the two isotopes. Therefore, the activity of 2*?*U

in surface soil was assigned the value measured by the HPGe survey for 2*U.

2.2.3 FIDLER Surveys

A FIDLER survéy was conducted in a selected area where an isolated HPGe measurement
exceeded the 10 pCi/g **'Am decision level. The FIDLER survey was conducted at HPGe
measurement location 301 to determine if the measurement result was caused by the presence of a
smaller area containing a hot spot. In addition, two FIDLER surveys were conducted at HPGe
measurement locations 460 and 462 where HPGe measurements exceeded the RFCA Tier ]
RSALs based on preliminary results using the sum-of-ratios methodology. The purpose of the
survey was to determine whether contamination was homogeneous and widespread as suggested

by the conceptual model, or heterogeneous and consists of numerous individual hot spots.

A grid with four-foot spacings was staked in the field to encompass the circular FOV for the
HPGe measurement. A total of 37 FIDLER measurements were coilected from each selected
HPGe measurement location. FIDLER measurements we}e taken with the instrument placed on
the ground surface at each of the four-foot grid nodes for a one-minute count. FIDLER surveys
were conducted in accordance with Radiological Safety Procedure, 3-PRO-112-RSP-2.01, Job
Aid: 4-JOB-010-RSP-02.01.07, Bicron FIDLER (Kaiser-Hill, 1998b).

2.3 SUBSURFACE SOIL INVESTIGATION o

The subsurface soil investigation consisted of two phases. One phase was the radiological

investigation consisting of shallow boreholes. The second phase consisted of the VOC

investigation.
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2.3.1 Radiological Investigation

Subsurface soil sampling for radiological characterization was conducted at the 903 Pad and Lip
Area. The depth of radiological contamination is required to estimate the volume of soil
requiring remedial action. Figure 2-12 provides the radiological subsurface sampling locations

for the 903 Pad and Lip Area. Samples were analyzed for mAm, 239""‘“)Pu, 233IZ‘MU, 235U, and 2*U

using alpha spectrometry. Boring logs are presented in Appendix A.

903 Pad - Twenty-five shallow boreholes were drilled for the characterization of radionuclide

contamination beneath the 903 Pad. Twenty-five boreholes over the 3.4-acre 903 Pad represents

-a borehole completed at each node of a 23 m by 23 m (75 ft by 75 ft) grid (Figure 2-12).

Subsurface soil samples were collected from artificial fill material and natural soils beneath the
903 Pad for radiochemical analysis utilizing single-tube Geoprobe hydraulic push drilling
technique. Soils were continuously cored to a total depth of approximately 1.2 m (4 ft) to ensure
core recovery or to a depth where the FIDLER indicatea less than 5,000 cpm. Samples were
collected at approximately 15 cm (6 in) intervals from the top of and below the asphalt or as
appropriate to differentiate the sample interval between asphalt, artificial fill material, and natural
soils. This was done to prevent potential dilution of the natural soil samples below the artificial
fill material. Borings and core were checked by engineer’s tape for total depth and recovery.
Samples for radiological screening were collected as a composite sample from the radiological

sample. Soil samples were screened for alpha, beta/fgamma, and VOCs using portable field

-instruments. If VOCs were detected above 10 parts per million by field instrumentation at any

sampling location, the VOC subsurface soil sampling program, as described in the SAP (RMRS, T

1998a), was implemented to characterize VOC contamination at that location.

Subsurface soil samples for radiochemical analysis were also collected during the VOC
subsurface investigation as described in Section 2.3.2. Soil samples were collected from 12

original and three “step-out” boreholes on the 903 Pad, one borehole west of the 903 Pad, and one

borehole east of well 07191 in the Lip Area (see Figure 2-13).
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Lip Area - A total of thirty-seven boreholes were completed. over the Lip Area where artificial fill
was placed in 1970 and where surface soils were remediated in 1976, 1978, and 1984. Ofthe 37
boreholes, 25 borings were original and twelve were “step-out” borings (Figure 2-12). Of the 37
boreholes, two boreholes were completed in the 1976 remediation area, six boreholes were
completed in the 1978 remediation area, and three boreholes were placed in the 1984 remediation

area.

Shallow soil borings located in the 903 Lip Area and soil samples were collected utilizing single-
tube Geoprobe hydraulic push drilling technique. Soils were continuously cored to either a total
depth of 0.9 m (3 ft) or 1.2 m (4 ft) to ensure core recovery, or to a depth where the FIDLER

indicated less than 5,000 cpm. Samples were collected at approximately 15 cm’(6 in) intervals or

~ as necessary to differentiate the sample interval between artificial fill material and natural soils.

This was done to prevent potential dilution of the natural soil sample below the artificial fill
material. Borings and core were checlked by engineer’s tape for total depth and recovery.
Samples for radiological screening were collected as a composite sample from the radiological
sample. Soil samples were screened for alpha, beta/gafnma, and VOCs using portable field

instruments.

A detailed surface soil characterization using HPGe was not performed in portions of the Lip

Area where surface/subsurface soils were collected (RMRS, 1998a).

2.3.2 VOC Investigation Boreholes'

Investigation of VOC contamination at the 903Pad,completed per the SAP (RMRS, 1998a), ~ ~ ~
targeted the highest areas of groundwater contamination as well as the anomalous PCE soil gas
results, east of groundwater well 07191. F igﬁre 2-13 shows the borehole locations for the VOC
investigation. Samples were analyzed for **'Am, B9240p,, B2 B3y and PP using alpha
spectrometry and for VOCs using EPA Method 8260 or 8260B (EPA, 1986). Boring logs are
presented in Appendix A.

Subsurface soil sampling was conducted near existing groundwater monitoring wells 06691, and

08891 using an upgradient radial placement geometry with the well location serving as the
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downgradient location. Boreholes were located approximately 20 ft to the north, south, and west

of well locations 06691, and 08891. Six boreholes were placed along the west to northwest side ‘
of the 903 Pad on the basis of aerial photographs showing drum storage and surface staining. A : |
total of 15 boreholes were. required to investigate the VOC contamination at the 903 Pad, the |
original 12 boreholes, two “step-out” boreholes (95998 and 97698), and one completion of a

shallow subsurface radiological borehole (90998) as a VOC borehole (96498) where VOCs were

observed with concentrations greater than 10 percent of the respective current Tier I SSALs.

The soil gas anomaly in the Lip Area at the southeast corner of the 903 Pad adjacent to well
07191 was evaluated. One borehole (97298) was located 20 ft east and 10 ft south of well

location 07191. A surface area with little or no vegetation and FIDLER readings greater than

. 10,000 cpm was identified 30 feet east of well 6591, adjacent to the west side of the 903 Pad.

One combined VOC and shallow radiological borehole (92598) was located to evaluate this area.
The radiological sampling methodology for the Lip Area radiological subsurface investigation

and the VOC sampling methodology, was followed for this borehole is described as follows.

VOC soil borings located in the 903 Pad and Lip Area and soil samples were collected utilizing a

dual-wall Geoprobe hydraulic push drilling technique. Boreholes were advanced from the

surface to either a depth of 0.31 to 0.62-m (1 to 2 feet) below the top of bedrock, or to a depth
below the vertical extent of VOC contamination (based on field instruments), whichever was
greater, provided refusal of the Geoprobe drilling equipment was not encountered. Samples were

collected at approximately 1.22-m (4 ft) intervals below ground surface, or at intervals where

VOCs were detected with field mstrumentatlon In general the VOC samples were collected

from approximately the lower 15-cm (6 m) mterval and the radlologlcal sample was collected”
from the 15-cm (6 in) interval above the VOC sample. Samples for radiological screening were
collected from the 15-cm (6 in) interval above the radiological sample. Because of the different
ionization potential between PCE and CCl,, two phototonization detectors were used (1‘0.4 and an
11.7 electron volt bulb). If VOCs were detected above 10% of the current Tier | SSALs, then the
sampling grid was extended an additional 6.1-m (20 ft) in an upgradient direction of that location,

and additional samples were collected for laboratory analysis.
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2.4 903 PAD ASPHALT SAMPLES

Asphalt samples from the 903 Pad were collected to obtain preliminary waste characterization
data for disposal purposes. Nine asphalt samples were collected randomly from the following
locations over the 903 Pad: 90098; 90198; 90398; 90698; 90798; 91198; 91298; 91898; and
19198 (Figure 2-12). Random sampling techniques are appropriate methods for estimating the
population mean and the standard error of this estimate. Locations were determined randomly
based on the 903 Pad subsurface soil sampling grid. Samples were collected using a Geoprobe®

239/240PU 233/234U
b

and analyzed for **'Am, , °U, and *U using alpha spectroscopy.

2.5 WORK CONTROLS

Field activities were conducted in accordance with the procedures detailed in the SAP (RMRS,
1998a), the Task-Specific Health and Safety Plan (RMRS, 1998b) and additional controls -
summarized herein. Additional work controls implemented for the project included the ALARA
Job Review (#903Pad-98-001) for fieldwork performed under job-specific Radiation Work
Permits (RWPs). Contamination control included measurement of direct and removable
contamination levels on equipment, wind speed monitoring (soil handling activities suspended
with two consecutive 15-minute wind speed average of 15 miles per hour), high volume air
sampling during soil handling activities, and requirements for personal protective eciuipment.
Fieldwork also could not be performed due to sensitivity of the radiological field instruments

when the humidity was greater than 90% and ambient temperatures less than 32 degrees

- “Fahrenheit. - -~ . - ... .




9

Am-241 (pCi/g) Dry Wt.
Laboratory Alpha Spectroscopy

160

140

120

100

80

60

40

20

Best Fit Line = 1.0089x + 2.5019
R=0.92

T T L T

60. 80. 100.' 120. 140.

Am-241 (pCilg) Dry Wt. o
Laboratory Gamma Spectroscopy “

& Measurements

...... Slope = 1, Intercept = 0 Linear (Measurements)

Figure 2-2 Laboratory Results of Soil Samples - Gamma Spectroscopy - Americium-41 vs. Plutonium-239/240 Correlation




15-Point Sampling Pattern

Characterization Report for the 903 Drum
Storage Area, 903 Lip Area
and Americium Zone

HPGe 15-Point Surface Soil Sampling Pattern

Figure 2-3

Explanation:
@® Grab Sampling Location

98-0014




Am-241 (pCilg)
Alpha Spectroscopy .

160

140 _ _ //<>

120 ‘j
95% UCL = 0.0022x + 1.094x + 14.51 //

100 ‘f ///

80

Best Fit Line = 1.2508x + 4.4304

\ R=.99

i

40 60 80 100 120

-20 .

| Am-241 (pCilg)

f HPGe gamma Spectroscopy

[ ' © Measurement —— Linear (predicted) —95% CL

:i |
Figure 2-4 Alﬁha Spectroscopy vs. HPGe Gamma Spectroscopy - Americium-241 Correlation




/ 4

Plutonium-239/240 (pCi/g)

Alpha Spectroscopy

1200

20

1000 . ; .
95% UCL = 0.0243x + 6.3749x + 113.12
“ R=0.99
800 %
600
|
| Best Fit = 8.08x + 3.24
‘ R =0.97
400
200
0 : : :
60 80 100 13
-200
Americium-241 (pCi/g)
‘L HPGe Gamma Spectroscopy
|
¢ Measurement — Linear (Predicted) —95% CL

-

Figure 2-5 Alpha Spectrc;scopy vs. HPGe Gamma Spectroscopy - Americum-241 vs. Plutonium-239/240 Correlation




00¢

(oney ANAROY wy/nd) UOHEI3LI0D LYZ-WNISLBWY "SA OFZ/EEZWNIUOIN| -S)NsaYy ajdweg [10§ Aanng 839dH 6-Z inbig

_ (palesipald) Jeaulm —— Juswainses|y © i
(B10d) Lpz-wniduewyY ‘
08l 091 0143 oci 001 08 09 oy 0C

) ! { ) [l (| | .
T T L T

T T T 1 T

— i

YYog'L + XG18°G = dUI 114 1s39

00¢

oo

009

008

0ool

00cl

oovi

009l

T

(610d) ovz/6€2-WnuCIN|d




Uranium-235 (pCil/g)
Alpha §pectroscopy

0.30

0.20

All HPGe results for U-235 at double sampling locations were below
the instrument detection limit. All alpha spectroscopy results were

below the method detection limit.

0.10

0.00
0.00

0.10

0.20

Uranium-235 (pCilg)
HPGe Gamma Spectroscopy

O Measurement

Figure 2-10 ,,,,_>_u=m Spectroscopy vs. HPGe Gamma Spectroscopy - Uranium-235 Correlation

0.30




Uranium-238 (pCi/g)
Alpha Spectroscopy
w

All HPGe results for U-238 at double sampling locations were less
than the instrument detection limit.

|

Figure 2-11 fAIpha Spectroscopy vs. HPGe Gamma Spectroscopy - Uranium-238 Correlation

<
o
<
o
S o O
o
2 3 4 5

Uranium-238 (pCilg)
HPGe Gamma Spectroscopy




5/

Site Characterization of the
903 Drum Storage Area,
903 Lip Area, and Americium Zone

Revision:
Date:
Page:

Document Number:

RF/RMRS-99-427 .UN
0

September 21, 1999
30 of 69

3.0 DATA QUALITY ASSESSMENT

This section provides the results of the data quality assessment that was conducted in accordance

with the Evaluation of Data for Usability in Final Reports (RMRS Procedure, ER/RMRS-98-200

[RMRS, 1998c]). This assessment ensures that data used in making management decisions for

remedial actions is of adequate quality to support the decisions.

As discussed herein, Data Quality Objectives for the project were achieved. A summary of

project DQOs and the corresponding project decisions is presented in Table 3-1.

Table 3-1° Sample Types & Data Quality Objectives

e

Subsurface Soils.

Actinides in Quantify spatial distribution of Spatial extent of actinide activities
Surface Soils RFETS actinide activities that meet exceeding Tier | RSALS. Volume
using Insitu or exceed Tier | RSALs to estimate estimates of soils exceeding Tier |
Gamma soil volumes requiring remediation. and Tier || RSALs.
Spectroscopy. Quantify spatial distribution of 2'Am :

to 10 pCi/g using HPGe gamma ray

survey.
VOCs in Quantify three-dimensional Three-dimensional extent of VOC

distribution of VOC concentrations
that meet or exceed Tier | Soil Action
Levels to estimate soil volumes
requiring remediation.

concentrations relative to Tier | soil
action levels. Volume estimates of
soils exceeding Tier | soil action
levels.

Actinides in

Subsurface Soils.

Quantify three-dimensional
distribution of actinides to estimate
soil volumes requiring remediation.

| RSALS: -~ - — oo

Three-dimensional extent of
actinide activities relative to Tier !
& Il RSALs. Volume estimates of
soils exceeding Tier 1 and |l

3.1 VERIFICATION OF RESULTS

Verification ensures that data produced and used by the project are documented and traceable per

quality requirements. Generally, verification consists of reviewing the data to determine whether:

e Chain-of-Custody was intact from initial sampling though transport and final analysis;

o Preservation and hold-times were within tolerance;

e Selected samples underwent analysis at certified labs; and

o Format and content of the data is clearly presented relative to goals of the project.
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In addition to the criteria noted above, verification of the data also included additional checks
sometimes acknowledged as within the “validation” category, depending on the type of analysis:

e Surrogate recovery;

e MS/MSD recovery;

e (alibrations;

e Blanks;

e Sample preparations; and

e  Other quality control.

In order to provide an integrated evaluation of the data quality, results of the verification are

collectively discussed with validation in Section 3.2.

3.2 VALIDATION

Validation consists of a technical review of the data, or portion of the data, so that any limitations
of the data relative to project goals are identified, and the éssociated data are qualified
accordingly. Data were validated relative to the precision, accuracy, representativeness,
completeness, and comparability (PARCC) parameters described in the next section. K-H
Analytical Services Division also currently performs validation on a site-wide basis at 25%
frequency. Satisfactory validation at this frequency indicates that the subcontracted labs are
operating competently relative to industry-wide standards, and more specifically, that sample
custody and analytical procedures are implemented under defined quality controls. Site-wide

~ -data-validation coupled with annual lab audits provides the inference that all analytical and

radiochemical results not specifically validated, are represented by the percentage that is

validated.

Validation by an independent third party was performed on 37 percent of the alpha spectroscopy
data and 32 percent of the VOC data, which exceeded the requirement of 25 percent validation by
an independent third party. The remaining alpha spectroscopy and VOC data were verified by an

independent third party. Original verification and validation (V&V) packages for the project are

managed and tiled by the K-H Analytical Services Division, Building 881.
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Verification and validation of the project data, summarized in Sections 3.1 through 3.3, included

use of the following protocols and guidance:

RMRS Procedure RF/RMRS-98-200, Evaluation of Data for Usability in Final Reports
(RMRS, 1998c);

e USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data
Review, EPA 540/R-94/013, (EPA, 1994b);

e USEPA Contract Laboratory Program National Functional Guidelines for Organic Data
Review, EPA 540/R-94/012, (EPA, 1994a);

e Guidance for Data Quality Assessment, Practical Methods for Data Analysns EPA QA/G-9,
(EPA, 1996b);

o Kaiser-Hill Team Quality Assurance Progrdm, Rev. 5, (K-H, 1997);‘and

o RMRS Quality Assurance Program Description (QAPD), RMRS-QAPD-001, Rev. 2,
(RMRS, 1998d).

3.3 PARCC PARAMETERS

3.3.1 Precision

Precision is a measure of the reproducibility of results. Precision is evaluated by comparing
results from field duplicate and/or replicate (duplicate/replicate) samples with results from
associated real sz{mples. Precision will be evaluated quantitatively by using two functions,
relative percent difference (RPD), and dup'licate error ratio (DER), where the latter function is
used to account for the stochastic nature of error of radioactivity. The DER is a test for bias

between a field duplicate or replicate and the associated real sample for radionuclides.

- Equations 3.1 and 3.2 present the RPD and DER equations

|Ci -Gy :
RPD = - *100 (Eq.3.1)
[ (C+Cy)/2 |
where: .
C,=Concentration of the analyte in the real sample
C,=Concentration of the analyte in the duplicate sample
ICi - Gy
DER = oo (Eq3.2)

V (TPU?¢; + TPU )
where:
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TPU = total propagated uncertainty

Duplicate/Replicate Sample Collection Methodology

Field duplicate samples collected in support of the surface soil programs were collected as unique
samples. The duplicate samples were generated from grab samples of surface soils collected at
HPGe measurement lvocations. The grab samples were collected adjacent to the real samples
collected over the same HPGe FOV, composited, and placed into sample jars. Replicate and real
samples of subsurface soils collected for alpha spectroscopy analysis were generated by splitting
the recovered core in half lengthwise. VOC quality control (QC) samples are identified as

duplicates because the real and QC samples were collected from adjacent depth intervals (i.e. not

split).

The purpose of the field duplicate and replicates are to evaluate the precision of the field
sampling process. The QC criterion for RPDs is < 40% , and for DERs the criterion is < 1.96.
Individual RPDs/DERs can be found in Appendix B. Duplicate/replicate samples exceeding the
DER QC criterion of 1.96 are interpreted as different at the 5% level of significance, are qualified
as “J”, and the cc‘)nclusion is reached that the sample and duplicate/replicate differ.
Duplicate/replicate samples exceeding the RPD QC criterion of 40%, indicate that precision does
not comply with DQO specifications, and require an explanation and justiﬁcatién for deficiencies,
and a determination if additional sampling is required. At least 85% of all quality control
samples are required to comply with the established precision or RPD goals. The following

sections describe the results of duplicate/replicate sample results for each laboratory analytical

_program.

Insitu Gamma Spectroscopy ( HPGe) Program

The gamma spectroscopy unit collected a total of 1,110 insitu measurements. The required
frequency of duplicate samples was one measurement for each set of 20 real measurements. A
total of 58 duplicate measurements were collected (1 in 19.1) meeting the required collection
frequency. All 58 duplicate measurements acquired were within error tolerances (DER < 1.96)
for the measurable actinides of interest (**' Am, 2°U, and ?*U). This excellent performance by
the insitu system indicates the large-area, physical-averagingis a repeatable method. Appendix C

provides the TPU for HPGe measurements used in the DER calculations.
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Laboratory Gamma Spectroscopy

A total of 24 real and nine duplicate surface soil samples (1 in 2.7) from three double sampling
HPGe measurement locations were provided to the laboratory for gamma spectroscopy analysis
for ' Am. The frequency for duplicate sample collection for gamma spectroscopy analysis was
met for this program. **'Am activities were deteéted above the method detection limit in all
samples. As shown in Table 32 two of the nine duplicate samples failed DER tolerances for an
overall precision of 78%. Because DERs were calculated using the laboratory instrument’s

counting error as the only source of TPU, this overall precision is considered acceptable.

Table 3-2 Surface Soil Duplicate Assessment — Gamma Spectroscopy Results

Laboratory Alpha Spectroscopy

As indicated in this section, the precision results for *' Am and »***°Pu did not meet the project
goal of 85% compliance. However, as discussed subsequently, the precision results do not

compromise the objectives of the investigation.

Surface Soils

A total of 24 real and nine duplicate surface soi! samples were collected from three double
sampling HPGe measurement locations and were provided to the laboratory for alpha
sﬁe&réséo}& analysis for 2'Am, **°Py; and urariiim isotopes. The frequency for duplicate . - -
sample collection for alpha spectroécopy analysis was met for this program. 2*' Am activities
were detected above the method detection limit in all samples. As shown in Table 3-3 eight of the
nine duplicates failed DER tolerances for 2***°Pu with an overall precision compliance of 11%.
Five of the nine duplicates failed DER tolerances for > Am with an overall precision compliance
of 44%. Uranium isotopes met the project’s precision compliance goal. As with the laboratory
gamma spectroscopy, DERs were calculated using the laboratory instrument’s counting error as

the only source of TPU.
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200240 p 24 5 1 11%
21 Am 24 9 4 44%
233234 | 24 9 8 89%

235 | 24 9 9 100%
20 | 24 9 8 89%
Subsurface Soils

A total of 349 real and nineteen replicate sqrface and subsurface soil samples and asphalt samples
were éollected from boring locations and were provided to the laboratory for alpha spectroscopy
analysis fqr_z‘”Am, 239240py, and uranium isotopes. The frequency for replicate sample collectidn
(1in 18.55‘for alpha spectroscopy analysis was met for this program. As shown in Table 3-4, ten
of the replicates failed DER tolerances for ****°Pu for an éverall precision compliance of 44%.

! Am for an overall precision compliance

Six of the nineteen samples failed DER tolerances for
of 68%. All uranium isotopes met the project’s precision compliance goal. Again, DERs were

calculated using the laboratory instrument’s counting error as the only source of TPU.

Table 3-4 Radionuclide Subsurface Soil Replicate Assessment— Alpha

Spectroscopy Results

alyte

239/240 PU 349
241 Am 40 349
233/234 U 349
3y 349
=y 349

Discussion

One source of the apparent imprecision of the radionuclide data may be attributed to the
exclusion of sources of uncertainty beyond the instrument counting error. The DER calculation

incorporates TPU that includes all uncertainties introduced from sample collection in the field
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through radiological analysis. However, the only uncertainty included in the TPU for this data
quality assessment is the counting error at the 2-sigma level. This reduction in uncertainty in the

TPU term leads to an exaggerated number of samples exceeding the DER of 1.96.

Secondly, when comparing the gamma and alpha spectroscopy DER results there appears to be an
increased error associated with analyzing only an aliquot (0.25 to 2.0 grams) of the sample using
alpha spectroscopy versus analyzing the entire sample (gamma spectroscopy). The overall
precision for **' Am using gamma spectroscopy was 78% compared to 44% for alpha
spectroscopy. Since the duplicate samples were collected from the same locations as the sémples
analyzed using gamma spectroscopy, a s'igniﬁcanlt portion of difference in overall precision for
21 Am between these two methods may be attributed to the heterogeneous distribution of *' Am
. on a small scale, as exemplified by this comparison.

This heterogeneity is also obvious by comparing the surface soil “duplicate” sample results
(Table 3-3) to the subsurface soil “replicate” sample results (Table 3-4). As can be seen from the
subsurface sample program, the overall precision of “réplibate” samples for **'Am and ?”*py
(47% and 68%, respectively) are higher than the overall precision of “duplicate” samples (**' Am
at 11% and 2***°Pu at 44%). “Duplicate” samples were unique samples collected from adjacent
locations whereas “replicate” samples for subsurface soils were splits from the same recovéred

' core. The heterogeneous distribution of %1 Am and 2Py activities in surface soils is evident at
these small intersample distances. Heterogeneity is also observed in the FIDLER survey results

(Section 4.1.3).

Although it is clear that micro-scale heterogeneous distribtiﬁ&né e;x1st for ' Am and 2Py
activities in surface soil, the high degree of correlation between the lower precision alpha
spectroscopy results and the higher precision HPGe gamma spectroscopy results indicate
insignificant impact to the regression “model”. With respect to subsurface soils, the distributions

of 2! Am and P***°Py activities do not indicate patterns anomalous to those expected from the site

conceptual model and/or historical data.
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Volatile Organic Compound Analysis (EPA 8260B)

A total of 86 real and five duplicate subsurface soil samples (1 in 17.2) were collected and
provided to the laboratory for analysis of VOCs. Therefore, the frequency for duplicate sample
collection for VOC analysis was met for this program. Table 3-5 provides the number of samples
collected under this program and the results of the RPD for the duplicate assessment. One sampie
pair detected VOCs in both the duplicate and associated real sample. The four other RPD
calculations were conducted on sample pairs that had VOC detections in the real samples but not
in the associated duplicate sample. The method detection limit was used in RPD calculations
when no detections were found in the duplicate sample. Overall precision compliance for the
VOC investigation was 60% where two of five duplicate sample sets were observed to exceed the

.RPD of 40%. Although the relative percent differences in concentrations between the real
duplicate saﬁples for each of these analytes may be significant, the detected concentrations are
all well below their respective current RFCA Tier I soil action levels, i.e. because of the relatively
low magnitudes of the concentrations, imprecision does not affect overall project decisions

relative to VOC contamination.

Table 3-5 Duplicate Sample Assessments — Volatile Organic Compound Analysis

PCE 86 5 3 60%
TCE 86 5 3 60%
CCL, 86 5 4 80%
- - . . |- _372DCE 86 5 3 60%

Although the overall precision compliance is less than project completeness goals, precision of

the VOC results is acceptable. The apparent imprecision noted is limited to values well below the
Tier I soil action levels (i.e., between detection limits and 10% of Tier I soil action levels), and, as
such, doves not impact project decisions relative to nature and extent of VOC contamination in the

soil.
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3.3.2 Accuracy
Accuracy is a measure of how closely an analytical or survey result corresponds to the true
concentration or activity in a sample. Systematic uncertainties that affect accuracy, also known

as bias, are also discussed in this section.

In-Situ Gamma Spectroscopy

The accuracy of insitu gamma spectroscopy is corroborated through two methods of validation
implemented for the project: systematic validation, and more importantly, performance
validation, that is, through the use of comparing and correlating surface soil samples analyzed by
-laboratory alpha spectroscopy. The quality of the correlation, which exhibited a high correlation
coefficient for linearity (Figure 2-5), validate the entire gamma spectroscopy measurement

system relative to the site-specific matrix types and radiological levels of interest.

The systematic validation of gamma spectroscopy results yielded no significant qualifications to
the data. Detailed technical considerations and their effects on data quality are further detailed in
the Appendix C under “903 Pad insitu Models and Uncertainties”.

Another measure of accuracy is determined by comparing the detection limit proposed to the

actual detection limit reported for the sample results. Table 3-6 provides a comparison of

detection limits for the /nsitu Gamma Spectroscopy program.

Spectroscopy

35 Insitu Gamma 0.5 0.36-0.72
Spectroscopy

=8y Insitu Gamma " 50 1.31-6.49
Spectroscopy
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As can be seen in Table 3-6 the lower limit of the actual detection limit was met for all three
radionuclides. The required detection limit was exceeded for **' Am and **U in a limited number
of analyses; however, these exceedances do not significantly impact the results of the HPGe

survey nor the resulting volume estimates.

Laboratory Alpha Spectroscopy

The accuracy of laboratory alpha spectroscopy data was evaluated with respect to detection
limits. Table 3-7 provides a comparison between required detection limits and actual detection
limits.

Table 3-7 Comparison of Detection Limits — Alpha Spectroscopy

e T, ]‘iﬁé%ga}?@wﬂ P e T E r? Tk B i
uired /Anal diDete
i ethe Limiti(pCilg (pCilg

2391240p RC01B001 0.3 0.028 -0.122
21 Am RC01B001 , 0.3 : 0.0061-0.168
B3234Yy RC01B001 1.0 0.015-0.472
23y RC01B001 1.0 0.016-0.472
238y RC01B001 1.0 0.008 — 0.643

- ~The-accuracy-of VOC data was evaluated with respect to 93,?3‘?“9“,}@“5' Table 3-8 provides a

As can be seen in Table 3-7 the actual detection limit was lower than the required detection limit
for all radionuclides. Therefore, accuracy from alpha spectroscopy detection limits were

adequate for all sample analyses for decision making purposes.

Volatile Organic Compound Analysis (EPA 8260B)

comparison between required detection limits and actual detection limits.

. The method detection limit was changed during the middle of the VOC Subsurface Investigation

from-the mid-level detection limit (Method 8260B)‘s'peciﬁed in the SAP (RMRS, 1998b) to a
low-level detection limit (Method 8260). The required detection limit of 740 ug/kg was exceeded
for the target analytes in all samples from boring 96498, and in one sample each from borings
96198 and 96298. The detection limit exceedance in samples from boring 96498 was due to

sample analysis using the VOA-CLP, medium level, method. However, the actual detection limit
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is lower than the current Tier I soil action levels for VOCs and therefore did not impact decision

making.

Table 3-8 Comparison of Detection Limits — Volatile Organic Compound Analysis

: iti(ug '(uglK
Carbon Tetrachloride 82608 740 5.0 - 1500
Chloroform 8260B 740 0.1 -1500
Cis-1,2- . 8260B 740 0.1 - 1500
dichloroetherne
Methylene Chloride 8260B 740 1.4 — 1500
Tetracholorethene 8260B 740 0.41 -1500
Trichloroethene 82608 740 0.31 - 1500

During review of the data the following biases were noted that cause the data to be qualified.

Two other types of QC samples were generated in support of the VOC subsurface soil

investigation; equipment rinse blanks and trip blanks. Table 3-9 provides a QC summary for

methylene chloride detected in an equipment rinse blank and the associated real samples. Per-

EPA guidance (EPA, 1989) the methylene chloride detections in the real samples are less than ten

times the detection in the associated equipment rinse blank and will be qualified as non-detect.

Although trip blanks were submitted and analyzed with real samples, no qualifications were

© required for the associated real samples.

Methylene chloride was detected at estimated (J) concentrations in 16 samples (0.59 J to 410 J

_ ug/Kg) at less then the method reporting limit. However, the maximum detected concentration in

a method blank from the entire sample data set is 860 ug/kgi)sméEPAéux&nEe (EPA,1989)

the concentration in the samples do not exceed ten times the maximum amount detected in any

blank. Therefore, methylene chloride detections are considered a result of laboratory

contamination.

Acetone was not detected in the associated rinse or method blanks in several samples from boring

97698 (99A8275), however, acetone may not be present in the sample because the continuing

calibration verification criteria were not met. Acetone was detected in samples from boring

96398 (99A4102) (ranging from 1,200 up to 3,300 ug/Kg). However, the' maximum detected
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concentration in a method blank from the entire sample data set is 670 ug/Kg. Using EPA

- guidance (EPA, 1989) the concentration in the samples do not exceed ten times the maximum

amount detected in any blank. Therefore, acetone detections are considered a result of laboratory

contamination.

Table 3-9 Quality Control Sample Summary

o

T

99A6650- | equipment
007.002 finse
' blank

= T T

99A6650-
002.002

99A6650-
003.002

99A6650-
004.002
99A6650-
005.002

99A6650-
006.002

o

chloride

Methylene

no

no

no

no

Methylene chloride
detections in field

samples <10 times the
detection in the QC
sample. Result will be
qualified as non-detect
(U) (EPA, 1989).

’

The compound trichlorotrifluoroethane was detected in several samples from borehole 97698

(99A8275). Detections of trichlorotrifluoroethane are not considered repeatable as the dilution

results for this sample indicated trichlorotrifluoroethane was no longer present. The results were

assigned the J148 qualifier, as the associated value is estimated and the linear range of the

measurement system was exceeded. Results were then adjusted with the dilution Contract

undetected at an elevated level of detection.

- —Required-Quantitation Limit and.given the qualifier UD, the associated value is considered

PCE was detected in two samples from boring 95998, at 1,540 ug/kg and 343 ug/kg with an E

(estimated) quali.ﬁer. When re-analyzed by the lab the PCE results were 3,060 ug/kg and 174

ug/kg, respectively, with a D qualifier (dilution).

Qualifications of VOC data did not affect accuracy or project decision making. VOC samples

were analyzed using an expedited turn-around to assist field decisions based on “Form-1’s” faxed

from the laboratory. Although VOC detection limits varied during the course of the project, the
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detection limits were lower than the current Tier I soil action levels for VOCs and therefore did

not impact decision making.

3.3.3 Representativeness

Representativeness is evaluated by comparing the number and types of samples identified in the
SAP with the number and type of samples actually collected. The number of samples required
was based on meeting the DQOs of the characterization. Table 3-10 provides a comparison of
planned samples vs. actual samples collected in support of the investigation. Table 3-11 provides

a comparison of QC samples and.real samples collected for the investigation.

- As can be seen from Table 3-10, all areas met or exceeded planned sample requirements with the
exception of the HPGe survey in the Lip Area and characterization of the asphalt and fill at the
903 Pad by alpha spectroscopy. Surface soils in the Lip Area were characterized by twénty
borings completed during the subsurface radiological program. Sample results collected from the
0-6 inch interval were used to characterize surface soils in'this area. Asphalt and fill samples '
were to be collected -at all 25 boring locations within the 903 Pad. This number of samples was
later determined to be excessive and the SAP was revised to include the collection of samples at

nine randomly selected locations.

As can be seen from Table 3-11, the collection frequency of quality control samples was met for

all analytical programs with the exception of trip blanks. Detections of VOCs in soil samples

_ shipped without trip blanks are considered actual detections e

xcept where qualified previously as

a laboratory contaminant.

3.34 Completeness

Completeness is typically expressed as a percentage, calculated as a ratio of usable results to the
number of samples collected. One hundred percent of the data were verified at the project level

based on comparing usable data points with non- usable data points (RMRS, 1998c).

Completeness is 100% exceeding the project’s goal of 90%. Additional sampling is not required
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Table 3-10 Planned vs. Actual Sample Comparison

10

Lip Area and

Insitu Gamma 1,200 1,110 -90 Borehole samples from 0
Americium | Spectroscopy — 6 inch interval were
Zone used to characterize Lip
Area east of the 903 Pad.
| This deviation from the
SAP was approved by the
agencies.
Americium Alpha 18 from6 | 24 from 8 +6 Collected samples from
Zone Spectroscopy FOVs FOVs two additional FOVs for
Surface and Gamma correlation of HPGe
Soils Spectroscopy samples and field quality
control locations.
903 Pad Alpha 150 107 -43 Original estimate
Radiological | Spectroscopy erroneously included
samples of asphalt and fill
for 25 boreholes.
Reduced number of fill
samples to same
frequency as asphalt
samples. This deviation
. from the SAP was
approved by the
agencies. '
903 Pad Alpha 9 9 0
Asphalt Spectroscopy
903 Pad Alpha 72 76 +4 Collected additional
vOC Spectroscopy samples as a result of
(Subsurface “stepout” borings.
VOC)
903 Pad voc T | T 72 I #5 Collected additional- — - - -
vOC samples as a result of
“stepout” borings.
903 Lip Area Alpha 100 148 +48 Collected additional
Radiological | Spectroscopy samples as a result of
“stepout” borings.
903 Lip Area Alpha 6 9 +3 Collected additional
vOC Spectroscopy samples as a result of
: “stepout” borings.
903 Lip Area vOC 6 9 +3 Collected additional
vOoC ' samples as a result of

“stepout” borings.

RF/RMRS-99-427.UN :
\
i
i
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Table 3-11 QC Sample Type, Quantity

%

Americium Zone Alpha 24 9 3
Surface Soils Spectroscopy
(HPGe)
Americium Zone Gamma 24 9 0
Surface Soils Spectroscopy
(HPGe)
903 Pad Alpha 107 6 4
Radiological Spectroscopy
(Subsurface)
903 Pad Asphailt Alpha 9 1 0
(Subsurface) Spectroscopy
903 Pad VOC Alpha 76 4 4
(Subsurface) Spectroscopy
903 Pad VOC VvOC 77 4 3
(Subsurface) :
903 Lip Area ‘Alpha 148 8 10
~ Radiological Spectroscopy
(Subsurface)
903 Lip Area Alpha 9 0 0
VOC Spectroscopy
(Subsurface) :
903 Lip Area vVOC 9 1 2
VOC ‘
(Subsurface)
‘Project Totals™ |~ Alpha ™ 7| 373~ |7 28 T2 T T T T
' Spectroscopy
Gamma 24 9 0
Spectroscopy
vOC 86 5 5
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to meet the project objectives of estimating soil volumes exceeding action levels and
characterizing surface soils to 10 pCi/g **' Am.

3

3.3.4.1 Deviations

Despite weather constraints and field activities conducted non-sequentially among the subsurface
'investigations of the 903 Pad, Lip Area, and the VOC program, quality control samples were
collected at a frequency of one in 20 during the entire subsurface investigation. Trip blank
samples for VOC samples were reduced to a frequency of one trip blank for every 20 real VOC
samples, detections not associated with a trip blank will be considered actual detects. Two of the
required VOC trip blank samples were missed. This deviation from the SAP is justifiable as the

- analytical data is adequate to characterize subsurface soil and thus is representative of the
subsurface soil conditions. Gamma spectroscopy analysis of aqueous samples could not be
performed on rinse blank water samples. Two of the VOC investigation boreholes were not

~ completed to bedrock due to refusal of the geoprobe sampling equipment at boreholes 96798 and
97698. Data collected from these boreholes are adequéte and representative of subsurface soil

| conditions.

3.3.5 Comparability

All results presented are comparable with historical sampling and analyses results. This
comparability is based on standard methods (EPA-approved methods), systematic quality

~_controls, and thorough documentation of the planning, sampling, and analysis process.

The comparability of two samples were questioned during the investigation. One sample from
HPGe measurement location 104 at 3 meters (98A5590-001.006) was reanalyzed as sample
98A5590-004.001 because **' Am results from the first analysis were elevated and not comparable
to the other sample results collected at this location. One alpha spectroscopy sample result from
boring 94298 (98A2014-001.002) was rejected due to the MDA exceeding the RDL. However,
sample results are reported high and are comparable to other native 1 soil radiological results and

therefore are usable. The remaining soil samples results'are comparable because consistent
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sample collection activities and analysis were performed in accordance with the SAP (RMRS,

1998) and procedures described in Section 2.0.

3.3.5 Sensitivity

Sensitivity was evaluated by comparing actual quantitation limits of the results with the
regulatory or project-specific action levels required for decision-making. All analytical and
radiological methods achieved adequate sensitivities based on quantitation limits well below

regulatory thresholds, typically with a quantitation limit at less than 50% of the threshold.

3.3.7 Summary

In summary, the data sets acquired and evaluated for the 903 Pad Project were satisfactory for

supporting the Data Quality Objectives. The following project objectives were achieved:

1) Defining actinide activities that exceed 10 pCi/g *'Am in surficial soils for waste
volume estimates; A _

2) Defining actinide activities in subsurface soil that exceed Tier I & II RSALs soils
for waste volume estimates; and

3) Defining VOC activities in subsurface soil volumes that exceed Tier I soil action

levels for waste volume estimates.
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4.0 NATURE AND EXTENT OF CONTAMINATION

The nature and extent of soil contamination related to releases from the 903 Pad has been

" evaluated by analysis of radionuclide and chemical data obtained as described in Section 2. The

primary objective of the investigation is to determine the areal extent and depth of radiological
and organic contamination above Tier | RSALs and Tier I SSALs, respecti?ely. Another
objective of the investigation was to characterize **' Am in surface soils to 10 pCi/g using gamma
spectroscopy field instrumentation. This characterization would allow for identification of
surface soils exceeding Tier Il RSALs. Remedial alternatives will be evaluated in the IM/IRA

decision document based on these criteria.

Detailed descriptions of contamination in surface and subsurface soil are presented in this section.
Results of the HPGe survey of the Americium Zone are presented in Section 4.1. Sections 4.2
and 4.3 respectively summarize radionuclide and VOC soil data collected for the 903 Pad and Lip
Area. Descriptive summary statistics of the data are presented in Appendix D. Electronic copies
of analytical results are provided in Appendix E and Tier I and Tier Il RSAL SOR calculations
are provided in Appendix F.

4.1 SOIL RADIOLOGICAL CONTAMINATION IN THE AMERICIUM ZONE

Results presented in this section are based on the double sam'f)ling technique in which HPGe
measurements were correlated to alpha spectroscopy laboratory results. The linear regression

between the HPGe results and laboratory results showed a high degree of correlation (R > 0.97),

-~ and was therefore used to standardize each HPGe measurement.to laboratory.derived alpha _ _

spectroscopy results (see Section 2.2.2). This provided an accurate model for estimating
radiological contamination in surface soil relative to Tier [ and Tier Il RSALSs at each survey

location.

4.1.1 Comparison of HPGe Measurements to Tier | and Tier Il RSALs

Based on 1,110 HPGe measurements in the Americium Zone (Figure 2-1), radiological
contamination appears to extend approximately 1,050 feet east of the Lip Area. Surface soil

contamination is defined by Tier I and Tier Il RSAL exceedances, which are summarized in
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Table 4-1. Using the best-fit regression model, nearly 37 % of the measurement locations exceed
the Tier I RSALs. Less than 1% of the measurement locations exceed the Tier I RSALs. HPGe

results and RSAL calculations are presented in Appendices E and F, respectively.

Table 4-1 Frequency of RFCA Tier | and Tier Il RSAL Exceedances-HPGe Survey

. The range of measured *'Am, B9240py, 51, and #*U activities are presented graphically in Figure
4-1. Comparison of radionuclide results to Tier I and Tier Il RSALs indicate that RSAL
exceedances are due to elevated activities of ?°?*Pu and *'Am. For BIOPY activities range from
6.32 pCi/g to 938.42 pCi/g with a mean value of 105.05 pCi/g. Approximately 7% of the ****°Pu
measurements exceed the Tier II RSAL of 252 pCi/g. None of the *2°Pu measurements exceed
the Tier | RSAL of 1429 pCi/g. **'Am activities range from 4.91 pCi/g to 149.22 pCi/g with a
mean Valué 0f20.19 pCi/g. Approximately 10% of the **' Am measurements exceed the Tier I
RSAL of 38 pCi/g. Like #***°Pu, none of the 2’ Am measurements exceed the Tier | RSAL of 215
pCi/g. HPGe measurements for ?°U and ***U were all below Tier I and Tier Il RSALs.

4.1.2  Spatial Distribution of Radiological Contamination in the Americium Zone

Figureﬁ4-2 shows the distribution of Tier I and Tier IT RSAL exceedances in surface soil withir
the Americium Zone. The highest level of contamination as indicated by Tier | RSAL
exceedances is isolated at a cluster of three locations near the northwest corner of the Americium
Zone and at one location in the south central portion of the Lip Area. Tier Il exceedances
encompass nearly 37% of the Americium Zone Investigation Area. The HPGe also define the
extent of soil contamination by bounding the area with survey results that are below Tier II
RSALs (Figure 4-2). The accuracy of the HPGe survey data is corroborated by historical data as

discussed in Section 2.2.2.1. The HPGe data also indicate, as expected, noncontaminated areas
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where clean fill was used for the road south of the cement and wetland areas, and for the road that

borders the western and northern perimeter of the Americium Zone.

The Tier I and Tier Il RSAL exceedances are associated with elevated activities of ****°Pu and
*'Am. The distribution of ' Am activities is shown in Figure 4-3. The highest activities of *'Am
exceed 140 pCi/g near the northwest corner of the Americium Zone. As shown, the distribution
of ' Am Tier II RSAL exceedances trend in a northeast-southwest orientation, which extends
from the southwest corner of the Lip Area to the north-central portion of the Americium Zone.
The distribution of #**°Pu activities in surface soil (Figure 4-4) is similar to that of the *!Am
activities, with the highest activities exceeding 900 pCi/g near the northwest corner of the
Americium Zone. The pattern of Tier | RSAL exceedances is also similar to that observed for

2 Am, with a northeast-southwest trend of contamination. This trend is a result of contaminant
deposition from the source area. The similar spatial configurations of ' Am and #***°Pu are to be

expected because *'Am is a daughter product of weapons grade plutonium decay.

41.3 FIDLER Surveys

A FIDLER survey was conducted at HPGe measurement location 301 (Figure 2-1) where an
isolated HPGe measurement (direct field measurement) exceeded the 10 pCi/g **' Am decision
level. The FIDLER survey was used to determine if the result was caused by the presence of a
smaller area containing a hot spot. It should be noted that all 2*' Am activities discussed in this
section are presented as direct field measurements. The activity of >*' Am from the in-situ HPGe

__measurement location 301 was 10. 977 pCl/g and the surroundmg HPGe measurements were less

than 10 pCi/g. FIDLER survey results ranged from 1,224 t0 2,841 cpm ‘with a mean of2 056
cpm. Background measurements of 910 and 1,107 cpm for the two FIDLERSs used for the survey
were taken at the step-off pad on the north side of the Americium Zone, adjacent to the East '
Access Road. Because of the low level of 2*' Am detected in the soil and two FIDLER
instruments used for the survey, the results are qualitative at best. However, contamination
appears to be homogeneous as would be expected at this distant location from the source where
contamination is a result of wind dispersal of plutonium contaminated soil from the 903 Pad and

Lip Area.
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FIDLER surveys were also conducted at HPGe locations 460 and 462 (Figure 2-1) where surface
soils exceeded the RFCA Tier I RSALs. The surveys were conducted to determine whether
contamination was homogeneous and widevspread as suggested by the conceptual model, or
heterogeneous consisting of numerous individual hot spots. The activities of >*' Am from the in-
situ HPGe measurements were 115.74 and 109.04 pCi/g for HPGe measurement locations 460
and 462, respectively, and the surrounding HPGe measurements were less than 100 pCi/g.
FIDLER survey results for HPGe measurement location 460 ranged from 2,928 to 17,039 cpm
with a mean of 8,293 cpm. FIDLER survey results for FOV 462 ranged from 3,466 to 15,331
cpm with a mean of 8,729 cpm. Background measurements of 1,430 and 2,127 cpm for the two
FIDLERs were taken at the step-off pad on the southwest corner of the Americium Zone, adjacent
to the access road for the old firing range. Because two FIDLER instruments were used for the
surveys, the results are qﬁalitative. However, contamination appears to be heterogeneous and
consists of numerous individual hot spots as might be expected from soil disturbance, localized

erosional paths, or depositional areas near the source of contamination.

4.2 SOIL RADIOLOGICAL CONTAMINATION IN THE 903 PAD AND LIP AREA

Surface and subsurface soil ‘samples were analyzed for 21 A, BOR40py 2234y 3515 and P8y
using alpha spectroscopy methods. Surface and subsurface soil samples were aggregated into
four native soil horizons (Native 1 [0-6 in], Native 2 [6-12 in], Native 3 [12-18 in], Native 4 [18-
24 in}), bedrock soil, and artificial fill under the 903 Pad. Artificial fill in the Lip Area was
classified as Native 1 soil because native soil and artificial fill could not be differentiated in the
field.

Based on the radiological results, contamination appears to be confined to the top 1.5 feet of
native soil, and is most extensive in the Native 1 soil horizon. Table 4.2 summarizes the Tier |
and Tier II RSAL exceedances. The frequency of Tier I and Il exceedances decreases with
increasing depth. No samples collected beneath the Native 3-soil horizon exceeded Tier I and
Tier Il RSALs®. Radiological data and RSAL SOR calculations for surface and subsurface soil

are presented in Appendices E and F, respectively.

2 Radiological sample results from the subsurface VOC investigation indicate no contamination above Tier
II RSALs. Activities of all measured radionuclides from the VOC investigation were below 3 pCi/g.
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Table 4.2 Frequency of RFCA Tier I and Tier Il RSAL Exceedances-Native Soil
Results |

e e i
Asphalt 9 N/A
Bedrock 12 0 0

CFill T 12 0 : 1
Native 72 0 0
Native 1 62 17 34
Native 2 62 5 11
Native 3 ‘ 62 o 3
Native 4 58 0 0

N/A Not Applicable; Asphalt samples were not comparable to RSALs
421 Radionuclide Activities in Native Soils -
The range of activities for 21 Am, B240py 233734U, B3y, and 2*U in Native 1, Native 2, and

Native 3 soil types are shown graphically in Figure 4-5. As discussed in the following

subsections, the amount of contamination decreases significantly with depth.

4.2.1.1 Native 1 Surface Soil Contamination

The Native 1 soil has the most extensive contamination as indicated by activities of **' Am,

- 29240py; and #'U that exceed Tier I and Tier Il RSALs (Table 4-2 and Figure 4-5). 2¥Uranium

activities range from 0.49 pCi/g to 780 pCi/g with a geometric mean value of 1.997[7)”(3{/5;3 . The
high activity of 780 pCi/g is the only exceedance above Tier I and Tier Il RSALS of 586 pCi/g
and 103 pCi/g, respectively. Approximately 44 percent of the ?”**°Pu and **' Am results exceed

Tier II RSALs.

29240 pyy activities range from 0.82 pCi/g to 152,260 pCi/g with a geometric mean value of

146.69 pCi/g. For 239240pyy 15% of the samples exceed the Tier I RSAL of 1,429 pCi/g and 44%

> The data appear to have a lognormal distribution, and therefore, a geometric mean is a better measure of
the central tendency of the distribution. :
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of the samples exceed the Tier Il RSAL of 252 pCi/g. 2! Am activities in Native 1 soil appear
more extensive than that of *’Pu with activities ranging from 0.15 pCi/g to 31,670 pCi/g. For
*'Am éctivities, 19.1% of the samples exceed the Tier I (215 pCi/g) RSAL and 47.1% exceed the
Tier I1 (38 pCi/g) RSAL.

4.21.2 Native 2 Subsurface' Soil Contamination

The Native 2 soil horizon is substantially less contaminated than the Native | soil horizon but still
contains activities above Tier I and Tier I RSALs for **' Am and Z***°Pu (Figure 4-5). 2?**°py
activities range from 0.14 pCi/g to 1,820 pCi/g with a geometric mean of 8.65 pCi/g. For
29240py; 0.03% of the samples exceed the Tier | RSAL (1,429 pCi/g) and 11% of the samples

- exceed the Tier Il RSAL (252 pCi/g). ' Am activities range from non-detectable (0.03 pCi/g) to

21 Am contamination is similar to that of

406 pCi/g with a geometric mean value of 1.79 pCi/g.
239240py) contamination as indicated by frequency of exceedances of 0.03% and 11% above Tier

(215 pCi/g) and Tier II (38 pCi/g) RSALs.
4.2.1.3 Native 3 Subsurface Soil Contamination

The amount of contamination in the Native 3 soil is minimal relative to the Tier II RSALSs (Figure
4-5). Only one sample for **' Am exceeds the corrésponding Tier Il RSAL of 38 pCi/g. 2'Am in
the Native 3 soil horizon ranges from non-detectable to 54.40 pCi/g with a median value of 0.23
pCi/g'. Activities of 239mOPu_ in the Native 3 soil horizon were below the respective Tier I and

Tier Il RSALSs.

14

422 Spatial Distribution of Contamination

Examination of the spatial distribution of contamination is useful for evaluating potential sources
and contaminant migration pafhways. This section discusses the spatial distribution of Tier I and
Tier 11 RSALSs for Native 1, Native 2, and Native 3 soil horizons. Also presented are the spatial
distributions of 239240y and ' Am activities because of their exceedance of Tier I and Tier I1

RSALs. N
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4.2.2.1 Spatial Distribution of Radionuclides in the Native 1 Soil Horizon-

As shown in Figure 4-6, Tier I and Tier Il RSAL exceedances (>1 fof the sum of ratio-s) in Native
1 soil are located throughout the 903 Pad and Lip Area. There is no distinct pattern to the Tier I
and Tier Il exceedances at the 903 Pad. Most of the southern boundary and portions of the
northern boundary do not exceed Tier II RSALs. For the Lip Area, Tier I exceedances are most
prevalent in the center area due east of the 903 Pad, with Tier II exceedances surrounding this

area. Relatively “clean” areas as indicated by RSALSs less than Tier 1 are located further to the

“east and south of the 903 Pad. Apparent spatial gaps in contamination may be explained by past

remedial activities. For example, the soil in the Lip Area was graded back toward the 903 Pad

during past remedial actions, and therefore the soil closest to the Pad is not as contaminated as the

- soil near the central.portion of the Lip Area. Similar remedial activities in 1984 removed

contaminated soil in the western portion of the Lip Area.

The RSAL exceedances are associated with elevated levels of ****°Pu and **' Am. Figure 4-7

241 ..
Am activities exceed

shows the distribution of ' Am in the Native 1 surface soil. The highest
30,000 pCi/g and are centered néar boring 91598 (Figure 4-7). However, as shown in Figure 4-
7, the majority of the Native 1 soils in the 903 Pad (approximately half of the Native 1 soil) and
Lip Area exceed the Tier Il RSAL for **' Am of 38 pCi/g. The distribution of the ****°Py
activities is similar to that of the **' Am activities, with the highest activities exceeding 150,000
pCi/g at boring 91598 (Figure 4-8). Like **' Am, the ***°Pu activities are elevated with respect
to the Tier II RSAL (252 pCi/g) in most of the Native 1 soil within the 903 Pad and

approximately half of the Native 1 soil in the Lip Area.

4.2.2.2 Spatial Distribution of Contamination in the Native 2 Soil Horizon

Figure 4-9 shows the distribution of the Tier I and Tier Il RSAL exceedances (>1 for the sum of
ratios) in the Native 2 soil horizon. The RSAL exceedances are not as ubiquitous as in the Native
I soil horizon. RSAL exceedances are isolated to an area around boreholes 91598, 91398, 91898,
and 91998 at the 903 Pad and around several boreholes throughout the Lip Area (boreholes.
94998, 94898; 95198, 95398, 95498, 95598, and 97598). Like the Native 1 soil horizon, RSAL

. . . . . . 4 239
exceedances in the Native 2 soil horizon are associated with elevated levels of **' Am and **’Pu.
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1 Am activities exceed 400 pCi/g in the 903 Lip Area with the highest activity observed at 95198
(Figure 4-10). The distribution of Pu-239 in the Native 2 soil horizon is very similar to that of
“Am (Figure 4-11). 9Py exceeds 18,000 pCi/g (above the Tier I RSAL) at boring 95198.
29240y, activities exceeding the Tier [T RSAL (252 pCi/g) are distributed like the 24lA'm activities
(Figure 4-11). The 2**°Pu and **' Am activities in the Native 2 soil horizon are generally one to

two orders of magnitude less than those observed in the Native 1 soil horizon.

Historical grading activity at the 903 Pad likely explains the somewhat different ****°Pu and
! Am distributions between Native 1 and Native 2 soils. For example, grading activities at
boring 91998 may have redistributed contamination in Native 1 soil leaving higher contaminated

soils in the Native 2 soil horizon. In the Lip Area, the amount of artificial fill in the Native 1 soil

. horizon would explain higher activities in Native 2 soil relative to the Native 1 soil.

4.2.2.3 Spatial Distribution of Contamination in the Native 3 Soil Horizon

Figure 4-12 shows the distribution of the Tier Il RSAL exceedances (>1 for the sum of ratios) in
the Native 3 soil horizon®. The amount of radionuclide contamination in the Native 3 soil horizon
is significantly less than that in the Native 1 and Native 2 soil horizons. Tier I RSAL
exceedances are isolated along the northern boundary of the Lip Area at borings 94898 and
95198. One other isolated Tier Il RSAL exceedance is observed east of the 903 Pad at boring
95498. Like the Native 1 and Native 2 soil horizons, the RSAL exceedances within the Native 3

soil horizon are associated with elevated levels of 2! Am and 2%*°py.

VVTAS s;owh{in 7I;iiigiureﬁ4-l?; ,::elé\:);t'ed'fié\'/erlrsfof Z“Amr\}vit}{;éspe?t to the Tier IT RSAL (38 pCi/g) are -

observed along the northern boundary of the Lip Area at boring 94898. Another area east of the
903 Pad near boring 95498 shows relatively high activities of **' Am (up to 26 pCi/g) but these
activities are slightly less than the Tier Il RSALs®. The spatial distribution of ***Pu in the Native
3 soil horizon similar to that of **' Am, (Fligure 4-14). Although none of the 2*?°Py samples
exceed Tier I or Tier Il RSALs, the relatively high activities near borings 94898 and 95498

contribute to the Tier I RSAL exceedances at these locations.

5 Tier I RSAL exceedances were not observed in the Native 3 Soil horizon.
¢ Tier I RSAL exceedances for 2*'Am were not observed in the Native 3 Soil horizon.
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Overall, the area of >*' Am and ****°Pu contamination decreases significantly with depth. Despite
g y p p
nearly identical spatial trends, the ' Am-241 and 2*Pu activities within the Native 3 soil horizon

are an order of magnitude less than those within the Native 2 soil horizon.

423 Radionuclide Activities in 903 Pad Asphalt and 903 Pad Artificial Fill

Asphalt samples from the 903 Pad were collected to obtain preliminary estimates of the sample
variance and mean for waste characterization purposes’. Random sampling techniques were used
as an appropriate method to estimate the population mean and to determine the total amount of

contamination. Nine asphalt samples were collected from sample locations randomly selected

- from the twenty-five 903 Pad subsurface soil sampling locations as shown in Figure 4-15.

Asphalt thickness ranged from 0.4 to 0.7 feet with an average thickness of 0.5 feet.

Twelve artificial fill samples were collected from locations randomly selected from the twenty-
five 903 Pad subsurface soil sampling locations as shown in Figure 4-16. Artificial fill thickness
ranged from 0.3 to 0.9 feet with an average thickness o‘fO.'S feet beneath the 903 Pad. Artificial
fill results were compared to RFCA Tier I and Tier Il RSALs. Samples were analyzed for
2323814

, 2’0, 28U, 2! Am, and Z***°Pu using alpha spectroscopy methods. The descriptive

summary statistics are provided in Appendix D.

4.2.3.1 Radionuclide Distribution in Asphalt

The radionuclide activities in asphalt were low relative to the activities observed in the Native 1

Soil horizon. As shO\;\}n m Figrlilries;j 15 z;nd 4:-'1 7,:£he activities for A;ﬁ, PE,VBMMUTBS U, and
28 are all below 1.5 pCi/g. The mean, standard deviation, and other descriptive statistics are

summarized in Table 4-3.

7 Asphalt samples were not comparable to RSALs, which are based the physical and chemical properties of
soil. Instead, waste disposal WAC requirements for asphalt will be based on the mean and variance.
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Table 4- 3 Descrlptlve Summary Statlstlcs for 903 Pad Asphalt

Mean 0.81 0.05 0.75 0.16 “ 0.07
Geometric Mean 0.80 0.04 0.74 N/A 0.04
Standard Error 0.05 0.01 0.04 0.13 0.03
Median 0.78 0.04 0.75 0.03 0.04
Standard Deviation 0.15 0.03 0.13 0.40 0.10
‘Sample Variance 0.02 0.00 0.02 0.16 0.01.
Kurtosis 1.70 7.01 -1.60 8.85 8.28
Skewness - 1.22 2.46 -0.08 2.97 2.84
Coefficient of Variation 0.19 0.72 0.17 2.42 1.46
Range 0.47 0.12 0.32 1.22 0.33
Minimum 0.66 0.01 0.60 0.00 0.02
Maximum 1.13 0.13 . 0.92 1.22 0.34
Sum 7.27 0.42 - 6.74 1.48 0.63
Count 9 9 : 9 9 9
Confidence Level 0.08 0.02 0.07 0.22 0.06
(90.0%)

NA Not Applicable.

Figur,e 4-15 shows the distribution of radionuclides in asphalt. With exception to 23§U, the
highest radionuclide activities are present at boring 91898 (****U [1.13 pCi/g], 2350 [0.133
pCi/g], **'Am [0.341 pCi/g], and 2?py [1.22 pCi/g]). The highest 2*U (0.919 pCi/g) activity
was reported at boring 90198.

4.2.3.2 Radionuclide Distribution in 903 Pad Artificial Fill

The ranges of activities for the measured isotopes in artificial fill are presented in Figure 4-17.
Overall, the radionuclide activities in artificial fill are low relative to the activities observed in the
Native 1, Native 2, and Native 3 soil horizons. However, one Tier Il RSAL.SOR exceedance is,
observed within the 903 Pad Area at boring 91898 (Figure 4-16). The Tier Il RSAL exceedance
is associated with elevated levels of **'Am (126 pCi/g) and 29240py, (558 pCilg), which both

exceed the respective Tier Il RSALs of 38 pCi/g and 252 pCi/g. 2! Americium activities in
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artificial fill ranée from 0.02 pCi/g to 126 pCi/g with a geometric mean value of 1.18 pCi/g.
Elevated activities within the artificial fill appear to be isolated around this single boring
considering that the highest >***U (2.02 pCi/g), *U (0.49 pCi/g), **®*U (2.77 pCi/g), and
29240py, (558 pCilg) activities were also observed at boring 91898 (Figure 4-17). Descriptive

summary statistics for the 903 Pad artificial fill are presented in Table 4-4.

Geometric Mean 1.02 0.06 1.00 5.78 1.18
Standard Error 0.11 0.04 0.18 4595 10.38
Median _ 0.98 .| 0.06 1.13 4.48 0.85
Mode 0.84 0.07 1.24 N/A N/A
Standard Deviation 0.38 0.13 0.61 159.19 35.97
Sample Variance 0.14 0.02 0.37 25340.90 | 1294.08
Kurtosis 4.79 11.19 5.53 11.88 11.90
Skewness 1.51 3.30 1.72 3.44 3.44
Coefficient of Variation 0.36 1.43 0.53 2.96 299
Range 1.61 0.49 2.60 557.99° | 125.98
Minimum 0.41 0.00 0.17 0.01 0.02
Maximum 2.02 0.49 2.77 558.00 126.00
Sum 12.25 1.00 13.33 642.14 143.51
Count 12 12 12 12 12
Confidence Level (90.0%) 0.18 0.06 0.29 75.59 17.08
“Number of Detections Atove Tier1“| 0 = |~ 0~ ~ | - 0- -|-" -0- - 0 | . ___
Number of Detections Above Tier Il 0 0 0 1 1

N/A Not Applicable

4.3 SUBSURFACE SOIL VOC INVESTIGATION

Seventeen boreholes were completed to investigate VOC contamination at the 903 Pad and Lip
Area, which included the original 13 boreholes and four “step-out” boreholes (Figure 4-18).
Subsurface soil VOC contaminants of concern as identified in the SAP (RMRS, 1998a) include
carbon tetrachloride (CCly), PCE, TCE, and 1,2-cis-dichloroethylene (1,2-DCE). Despite the
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absence of DNAPLSs during drilling, VOCs were detected at several boring locations. As shown
in Figure 4-18, detections of CCl, ranged from 2.3 ug/kg in borehole 96698 (22.4 to 22.8 ft) up to
5.3 ug/kg in borehole 96798 (20.4 to 20.8 ft). Detections of PCE ranged from 1.1 ug/kg in
borehole 97698 (8.2 to 8.6 ft) up to 6,100 ug/kg in borehole 90998 (3.8 to 4.0 ft). Detections of
TCE ranged from 0.89 ug/kg in borehole 96698 (20.4 to 20.8 ft) up to 290 ug/kg in borehole
90998 (3.8 t0 4.0 ft). Detections of 1,2-DCE ranged from 1.1 ug/kg in boreholes 96798 (12.5 to
12.9 ft) and 97698 (8.2 to 8.6 ft) up to 4,400 ug/kg in borehole 90998 (3.8 to 4.0 ft). In general,
the majority of the VOC detections were observed in the northeastern quadrant of the 903 Pad at
borings 90998, 95998, 96498, 96698, 97698, and 96798. VOC detections were also observed in
the 903 Lip Area at boring 97298 and within the central portion of the 903 Pad at boring 96898.

The ranges of VOC concentrations are presented in Figure 4-19.

No VOC detections were observed equal to or greater than the current Tier I SSALs (Table 4-5).
However, preposed SSAL revisions would be | to 4 orders of magnitude less than the current
Tier I SSALs (Table 1-2). Given the proposed revisions, only one value (6,100 ug/kg observed at
borehele 90998) exceeds the proposed Tier 1 SSAL for PCE (3,150 ug/kg). The VOCs that
exceed the proposed Tier II SSALs include PCE (31.5 ug/kg), TCE (32.8 ug/kg), and 1,2-DCE
(140 ug/kg) (Table4-5). As shown in Figure 4-18, the proposed Tier II exceedances are observed
at boreholes BH97698 (PCE), BH96498 (PCE), BH90998 (PCE,TCE, and 1,2-DCE), BH95998
(PCE), and BH96798 (PCE). The proposed Tier [ SSAL exceedances occur within a relatively
small area around monitoring well 08891. PCE is the most ubiquitous of the contaminants,
occurring at five of the borings. The depth of contamination (relative to the proposed SSALs)

- = .- . . .varies from the 3.8 feet bgs at borehole BH90998 to 24 6 feet bgs at borehole BH95998. The
proposed Tier I exceedaces that occur below the water table are observed at borings BH97698,

BH95998, and BH96798.

Table 4-5. Frequency of VOC SSAL Exceedances in Subsurface Soil.

Carbon Tetrachloride 86 3 0 0
PCE 86 19 0 1 7
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Some of the deeper borehole samples may reflect solute (dissolved) concentrations in
groundwater rather than concentrations in soil. Groundwater beneath the 903 Pad is relatively
shallow with depth to water averaging approximately 19 feet below ground surface (bgs). During
high flow regimes depth to water may decrease to 12 feet bgs. Therefore, it is likely that
detections of CCL,, PCE and TCE observed at depths greater than 20 feet at boreholes 96698 and
" 96798 may represent partitioning of VOCs between the aqueous and solid phases. In general, the
- presence of VOCs in subsurface soils below the water table is likely due to chemical adsorption

from groundwater to the solid soil particles.

The delineation of VOC contamination was optimized during the field investigation by the “step-
out” boring approach (RMRS, 1998a). This decision making process was triggered by detections
of VOCs above 10 percent of the respective current Tier I SSALs at any boring location. Such
levels required an additional “step-out” boring approximately 20 feet in the upgradient direction
from the boring where VOCs were detected at 10 percent of the current Tier I SSALs. Detections
above 10 percent of the current Tier I SSALs were observed at borings 90998 and 95998.
Borehole 90998 was completed as a shallow subsiiiface radiological borehole to a depth of 4.0 ft
and based on field instrument readings a soil sample for VOC analysis was collected at a depth of
~ 3.8t04.0 ft. As'summarized above; the highest concentrations of PCE (6,100 ug/kg), TCE (290
ug/kg), and 1,2-DCE (4,400 ug/kg) were obser;/ed in borehole 90998. Concentrations of 1,2-
DCE and PCE were above 10 percent of the current Tier I SSALSs.

Borehole 96498 was completed to bedrock within one foot of borehole 90998 per the SAP
(RMRS, 1998a) requiring completion of a shallow radiological borehole as a VOC borehole.if
VOCs were detected above 10 percent of the current Tier I SSAL. Similarly, borehole 95998
was completed to bedrock 20 ft in an upgradient direction west of boreholes 90998 and 96498.
Detections of PCE (3,060 ug/kg), TCE (9.9 ug/kg), and 1,2-DCE (5.4 ug/kg) were observed in
borehole 95998 at a depth of 5.0 to 5.6 ft. The concentrations of PCE that were observed in
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‘borehole 95998 were above 10 percent of the current Tier I SSAL. Therefore, borehole 97698

was completed in an upgradient direction 20 feet west of borehole 95998 in compliance with the
SAP. Although PCE, TCE, and 1,2-DCE were detected in borehole 97698 none of the

concentrations met or exceeded 10 percent of the current Tier I SSALs for the respective analytes.
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NCTES: General: USCS is modified for 'his log as follows:
Materials amounts are estimated by % volumae instead of % weight.
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(2) Core breaks cannot be matched. accurate footage measurements not po=snole
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(1) Badly broken core, accurate foctage measurements not possidle.
(2) Core breaks cannot be maiched. accurate ‘ootage measurements not pessibie.
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.IA (REV, 2)

ROCKY FLATS PLANT BOREHOLE LOG Pace 1 oe] _
Borehole Number: A H App0F Surface Elevation: 59‘73 £t ..

Location - North: 749129 East: 2025685 Area: _ 030
Date: __ (221249 Total Depth: _ 3.5~ &
Geologist: J.Roulo~ Company: _[eree Project No..GE-Govood

Orilling Equip.: CwJea?rv{u__ Sample Type: _CordNavous core
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NOTES: General: USCS is modified for this log as follows:
Malenals amounts are estimated by %% volume instead of % weight.

Vs
\é\Q ' (1) Badly broken core, accurate footage measurements nol possible.
{2) Core breaks cannot be matched. accurate footage measurements not po




U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM GT.IA (REV. 1)

Borehole Number: BH— 0074%

Location - North: ast;
Date:
Geologist: _J Redecn B IKOERLER

Drilling Equip.: Lﬁ]eo?mfoL

ROCKY FLATS PLANT BOREHOLE LOG

’ PAGE_)|_oOF y__
Surface Elevation: 5977 F/' =
Area: 03 PaX

Total Depth: __2.6 £+ :
Company: _ietes Project No.:GE G ovood
Sample Type: _ConfNnvous core

- EG&G LOGGING SUPERVISOR

DATE z/zz!%ﬁ

Malerials amounts are eslimated by % voiume instead of % weighl.
(1) Badiy broken core. accurate footage measurements not possible. .
(2) Core breaks cannot be matched. accurate {footage measurements not possicle.
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT | FORM GT.IA (REV. 2

ROCKY FLATS PLANT BOREHOLE LOG PacE_| oF /
Borehole Number: _B 190893 ~ Surface Elevation; 5971 £F£
Location - N nh-/q’s.iﬂiasast Z0ES83S Area: __40 55
Date: Y722 Total Depth: o Tt
Geologist: 8. KOBRLER Company: TIB Project No..GE ¢ coo oo
Drilling Equip.: GEOPRIAE,/ MACROCORE Sample Type: _CoNIN YOS CORE
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NCTES: Generar USCS ié modified for :his log as follows:
Matenals amounts are estimatea by % voiume instead of % weignt.
"‘V {1) Badly broken core, accurate footage measurements not possible.
| g\’ {2) Core breaks cannot be maiched. accurale footage measurements not pessible.
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U.S. DEPARTMENT OF ENERGY ‘ROCKY FLATS PLANT

FORM GT.1A (REV. 2)

ROCKY FLATS PLANT BOREHOLE LOG PAGE | oF )
Botehole Number: RHQoad $ - Surface Elevation: 5?7& Fié = :
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NCTZZ. Generan JSCSis medified ior this log as iollows:

Maleniais amounts are esumatec Dy % volume instead of %5 weignt.
{1) Zaqly oroken core. accturale iootage measurements rot 2Cssidle.
{2y Core oreaxs cannoi be maiched. accuraie foclage measursments not possidle.




U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

s

FOR.VI G’T.l.‘\ iREV" ::

RQCKY FLATS PLANT BOREHOLE LOG

RAQIAR .
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

Borehole Number: g taag
Location - North:

East: 2085185

ROCKY FLATS PLANT BOREHOLE LOG

PAGE .

Surface Elevation: 4 9 7? ﬁ/— Z
Area: _ 03 Pod '
Total Depth: 2.{. £+

—0OF _3_

FORM GT.1A (REV. 3)

Date: 0799, OZ2123P :
Geologist: _<} . R lo Company: _[iesres Project No.: GECoooco
Drilling Equip.: Ammu_ Dual all Sample Type: _ContNavous cole
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NOTES General: USCS is modifiea for this log as follows:
Matenals amounts are eslimated by %

% volume instead of % weight.
11) Badly broken core, accurale footage measurements not possidle.
{2) Core breaks cannot be malched. accurale {oolage measurements not possitle.
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US DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM GT..IA {REV. 2)

ROCKY FLATS PLANT BOREHOLE LOG PAGE Z oF 3
Borehole Number: B+3(48 Surface Elevation: 5979 £1 -
Location - Noah; 2490 o4 East: 04 XLES™ Area: _403Yad :
Date: 9201 4 Total Depth: _21.Y £ A '
Geologist: J.Qaulon Company: _iesrew Project No..GEGoovoD
Drilling Equip. 6Jep?m‘bl—- Sample Type: _Cemtiavous core.
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NOTES: General: USCS is modified for this log as follows:
Matenials amounts are estimated by % volume instead of % welghl
\ (1) Badly broken core, accurale footage measurements not possible.
(2) Core breaks cannol be malched, accurale {oolage measurements not possitle.
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV.

ROCKY FLATS PLANT BOREHOLE LOG PAGE 2 cF 8
Borehole Number: 3 49 (198 Surface Elevation: 5379 1 _
Location - North: 749064 East LS8 s~ =~ Area 903 Ped ’
Date: _02(99%. Total Depth: __2[ 4 €+ ‘
Geologist: J.Roulo~ Company: _ieston Project No.: & E toooco
Orilling Equip.: é.Jea?r‘o‘LL_ Sample Type: _ConfSavous core
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NOTES: General: USCS is modified lor this log as follows:
Malenals amounts are estimated by % volume instead of % weight.
(1) Badly broken core. accurale footage measurements not possible.
(2) Core breaks cannot be malched, accurate lootage measurements not possicle.




FORM GT.lA (REV. 3)

U.S.- DEPARTMENT OF ENERGY ROCKY FLATS PLANT A ‘ _ L2
ROCKY FLATS PLANT BOR EHOLE LOG "AGE;LOF‘_
Borehole Number: PR 4 1249p Surface Elevation: S 378 f/

Location - North: ‘749062 East: AOE&Z&Q Area: _ 403 PaS
Date: ___ 0L Total Depth: _3.5 £+
Geologist: _d.Qa4lo~ Company: [ieroe Project No.: BEgosv o
Drilling Equip.: Lmem-hl_ Sample Type: _ContNavous core
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(.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT - FORM GT.1A (REV. 2)
ROCKY FLATS PLANT BOREHOLE LOG oace_| or |-
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(.S. DEPARTMENT OF ENERGY ROCXY FLATS PLANT FORM GT.1A (RE‘/, Iy
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U.5. DEPARTMENT OF ENERGY ROCKY FLATS PLANT . FORM GT.1A (REV,

ROCKY FLATS PLANT BOREHOLE LoG o oPacel cr |
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2)

ROCKY FLATS PLANT BOREHOLE LOG °AG°—LOF_L_
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT | FORM GT.IA (REV.

ROCKY FLATS PLANT BOREHOLE LOG Pace L or [
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DEPARTMENT OF ENERGY ROCKY FLATS PLANT

'FORM GT.IA (REV. 1
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U.5. DEPARTMENT OF ENERGY ROCKY FLATS ‘PL«\NT FORM GT.1A (REV' 2

ROCKY FLATS PLANT BOREHOLE LOG PAGE | ce |
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U'.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT A FORM GT.1A (REV. 2)

ROCKY FLATS PLANT BOREHOLE LOG Pacel _or )
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'.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM. GT.1A (REV. 2)

ROCKY FLATS PLANT BOREHOLE LOG
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NCTZ3. Genera: JUSCZS is modifiec ior this log as iollows:

Materials amounts are esumated dy % volume nstead of % waignt.
(%) Bacly oroken core. accurate lociage measurements ncl dDessidte.
{2} Core oreaks canngsi oe malcned. accurate foolage msasurements noi 5ssidie.
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' U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT . FORM GT.IA (REV. >

ROCKY FLATS PLANT BOREHOLE LOG PAGE_ oFf
Borehole Number: 8’ H 92298 . Surface Elevation: _ 5977 £t
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Date: _02049¢ Total Depth: _3.0 _£1-

Geologist: _J.Raylo Company: _Lieste~ Project No.: G E Gocooo
Driiling Equip.: AJQO?FD'LL Sample Type: _CaofNavous core
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NOTES: General: USCS is modified for this log as follows:
Matenals amounts are eslimated by % volume instead ot % weight.
(1) Badly broken core, accurate footage measurements ncl possidle.
(2) Cote breaks cannol be matched. accurate footage measurements not possicle.
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT : ' FORM GT.A (REV. 1

ROCKY FLATS PLANT BOREHOLE LOG | PacE_l cr |
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Date: ) :
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NTTZES. Generar USCS is moaifieq {or inis icq as icilows:
Matenais amounts are estimaleg by % volume insieaa <f % ~eignt.
1 1) Bacly broken ccre. accurate foctage measurements nct ZCssitte.
{2} Core sreaks cannot Se malched. accurale ‘octage measuremen:s ol cossinie,
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ROCKY FLATS PLAN
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NCTES: Generar JUSCTS is modifiea lor this icg as {olows:

Matenals amounts are estimated dy % vciume insiead ol % wecnt.
11} Saaly oroken core. accurate loctage measurements Aot zcssitie.
23 Core creaks cannct be maicned, accurale ‘octage measurements not ccEsicie.
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV.
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NCTES: General; USCS is modifieq ior this log as oilows:
Malerials amounts are 2stimated by % voiume instead of % weight.
{1) Sadly croken core, accurale foolage measurements nct 0ssiole.
{2) Core Sreaks cannot be maiched. accurale lootage measurements nel ccssile.




°
n A s e s e Ay P m A b v, -
e s Sea R WAL

U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT - FORM-G’_I'.J.A ‘lR.EV,' N

ROCKY FLATS PLANT BOREHOLE LOG PacE A orch
Borehole Number: __ 92593 ' Surace Elevation: 5 928 _fF.
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NOTES: General: USCS is modified for this log as follows:
Matenals amounts are estimated by % volume instead of % weight.
(1) Badly broken core. accurale footage measurements not possible.
(2) Core breaks cannol be maiched. accurate footage measurements not possiole.




.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT , FORM GT.lA (REV. 2)

ROCKY FLATS PLANT BOREHOLE LOG < - eace ] or )
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CTZ3. Zeneran JSCES s mecinec ior this o as ollows:

Maleriars amounts are esumaiad Dy °5 volume mnsiead cf % weignt.
:1) Saciv oroken core. accural? iooiage measurements noi Dossibie.

{2y Core oreaks cannsi e maicneg. accurale fociage measurements noi Sossidle
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U.s. DEéARTMENT OF ENERGY ROCKY FLATS PLANT o ?QRM GT.1A (REv; 2)
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NZTZ3. Generar USCS s modiniag for s I6g as 1oliows:
Materiais amounts are esumated 2y % voiume insieac of % weight.
{ 1) 3adly oroken core. accurate iooiage measuraments nol DCSSIdle.
{2) Core Dreaxks cannsi oe maicnec, accurale fociage measurements not pessidie
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.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT' FORM GT.l1A (REV. 1)

ROCKY FLATS PLANT BOREHOLE LoG oace | ok _[_
Borenole Number: BHA2298 Surface Eevatlon 5978 £+ -
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NCTZS: Generaln LSCS is modifiec o7 this log as icilows:
Maternals amounts are esumated oy % voiume insiead of % weicht
"1) Sacly oroken core. accurate fooiage measurements NSt 0ossid2,
{2' Core oreaks cannsi De maicned. accurale ioctage Measurements Not BeSSiTis,
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U.5. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM GT.1A“REy, =

RQCKY FLATS PLANT BORE

“HOLE
BH92948 ‘

LOG Pace_l ce |
Surface Elevation: '59 76 ,6-# -

Sorehole Numpoer: '
Location - Noah: ‘2448 Z(Fast ARZSES3 Area: _ 903 PAP/LIP A cam,
Date: __3/83/0% Total Depth: __d S, .
Geologist: _dQgre~ R, KoERLER Comoany: _Tiesres Sroject No.GE wooooD
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5.0 SOIL VOLUME ESTIMATES BASED ON RSAL and SSAL
EXCEEDANCES

Volume estimates of radiological and VOC contaminated surface and subsurface soil are based
on the areal and vertical extent of contamination above Tier I and Tier I RSALs and proposed
SSALs. An Arclnfo, version 7.2.2, Thiessen polygon command (ESRI, 1999) was used to
perform the in-place volume calculations. Remedial alternatives will be evaluated in the IM/IRA
Decision Document based on these volume estimates. In-place volume estimates for the 903 Pad

asphalt and artificial fill are also presented.

5.1 903 PAD ASPHALT AND ARTIFICIAL FILL VOLUME ESTIMATES

' Characterization data for the asphalt covering the 903 Pad were collected for waste

characterization profiling; data were not compared to Tier I or Tier Il RSALs. The estimated in-
place volume of asphalt is 2,743 yds®. The estimated in-place volume of artificial fill is 2,743
yds’. Th\e amount of radiologically contaminated artificial fill, relative to Tier Il RSALs, beneath -
the 903 Pad is estimate;d at 104 yds®. The 104 yds® estimate is based on a 75 ft by 75 ft area

surrounding boring 91 898 and a 6 inch thickness of artificial fill. Table 5-1 summarizes the

_estimated areal extent, depth, and in-place volumes of asphalt and artificial fill for the 903 Pad.

“|Asphalt =~ | ‘0.5 {148,104 74,052 - - 2,743] - -2,097} - .NA . | _ _NA |
Artificial Fill 0.5 (148,104 74,052 2,743 2,097 0 104
Total 296,208! 148,104 - 5485 4,194 0 104

*Volumes represent materials in-place
NA = Not Applicable

5.2 SOIL VOLUME ESTMATES BASED ON T!ER | RSAL EXCEEDANCES

A composite map of the areal extent of Tier | RSAL exceedances in soil is presented in Figure 5-
1. As shown, soil with radionuclides exceeding the Tier | RSALs is located at the 903 Pad, east

of the 903 Pad in the Lip Area, and sporadically in the southern portion of the Lip Area and

N
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western portion of the Americium Zone. Table 5-2 summarizes the estimated areal extent, depth,

and in-place volumes of soils exceeding Tier | RSALs by THSS. The areal extent of

radiologically contaminated soil (relative to Tier I RSALSs) is 157,908 ft°. Depth of

contamination varies from 0 to 6 inches to 0 to 12 inches throughout the investigation area.

Based on the areal and vertical extent of Tier I RSAL exceedances, the total volume of in-place

radialogically contaminated soil is 2,924 cubic yards (yds®). The in-place volumes of

contaminated soil by IHSS as follows: 1,268 yds® for the 903 Pad; 1,598 yds® for the Lip Area;

and 100 yds® for the Americium Zone.

Table 5-2 Summary of Radiologically Contaminated Soil Volumes*-Tier| RSAL

Exceedances

. ?@%" .1;4’%

Grand Total

157,908

2,236

Note: .
' Excludes Asphalt and Artificial Fill.
“*Volumes represent materials in-place-

Assu'mptions: _
Thiessen polygon, Arcinfo software used to

- — estimate area. _

5.3 SOIL VOLUME ESTIMATES BASED ON TIERl It RSAL EXCEEDANCES

520

A composite map of the areal extent of Tier [l RSAL exceedances in soils is presented in Figure

5-2. As expected, contamination above the Tier [I RSALSs is much more extensive than that of

the Tier ] RSAL exceedances. In general, Tier Il RSAL exceedances encompasses most of the

903 Pad, the Lip Area, and the Americium Zone. Tier Il RSAL exceedances in two portions of

the Lip Area extend down to the Native 3 soil horizon, a depth of 1.5 feet. Figure 5-2 shows the

areal extent of the Tier II RSAL exceedances for the Native 1 (0 to 6-inch), Native 2 (6 to 12-
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inch), and Native.3 (12 to 18-inch) soil horizons. Table 5-3 summarizes the estimated areal

extent, depth, and in-place volumes of soils exceeding Tier Il RSALs by IHSS.

The areal extent of contaminated soil (relative to Tier [l RSALSs) is 797,167 fi2. Depth of

contamination varies from 0 to 6 inches to 0 to 18 inches throughout the investigation area.

Based on the areal and vertical extent of Tier Il RSAL exceedances, the total volume of in-placé

radiologically contaminated soil is 14,762 yds®. A depth of 6 inches was used to estimate

volumes of soil in the Americium Zone. Radiologically contaminated soil volumes based on Tier

II RSAL exceedances are summarized in Table 5-3.

The in-place volumes of contaminated soil by IHSS are as follows: 2,471 yds® for the 903 Pad,
5,267 yds’ for the Lip Area; and 7,025 yds® for the Americium Zone.

-

Table 5-3 Summary of Radiologically Contaminated Soil Volumes*-Tier Il RSAL
Exceedances .

R e R R L R e o RO
othi(ft)s Areal(ftt).. EVoIumel(TE) S Volume!(y
Native 1 05 111 B76 55,838
Native 2 0.5 21,738 10,869

Total

Native 1 0.5 209,689 104,845 3,883 2,969
Native 2 0.5 52,790 26,395 978 747
Native 3 0.5 21,941 10,971 406 311

|1ota 284,420 142,210
Total 0.5 379,333 189,667 7,025 5,371
Grand Total © 797,167 398,584 14,762 11,287
Note: Assumptions:

! Excludes Asphalt and Artificial Fill.

*Volumes represent materials in-place

Thiessen polygon, Arcinfo software used to

estimate area.
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5.4 SOIL VOLUME ESTIMATES BASED ON SSAL EXCEEDANCES

VOC contaminants of concern (CCly, PCE, 1,2-DCE, and TCE) did not exceed the current Tier I
SSALs. However, as discussed in Section 4.3, PCE exceeds the proposed Tier I SSAL in boring

190998 (Figure 4-18). Proposed Tier Il SSAL exceedances for PCE were also observed in five

borings east of well 08891. 1,2-DCE exceeds the proposed Tier Il SSAL in boring 90998. The
areal extent of contamination was bounded one-half the distance between adjacent borings where
VOC results were below their respective SSALs, and by the edge of the 903 Pad to the east.
Several proposed Tier [ SSAL exceedances were observed below the water table (average depth
to water is 19 feet bgs) at boreholes 95998, 96798, and 97698. VOC contamination below the

water table will be addressed under the groundwater program.
5.41 Soil Volume Estimates Based on Tier | SSAL Exceedances

A composite map showing the areal extent of contamination as defined by the proposed Tier I
SSALs is presented in Figure 5-3. The depth of VOCs that exceed proposed Tier I SSALs is
assumed to extend from the natural soil surface below the top of the asphalt to 4.0 feet bgs (a
thickness of 3.0 feet). This is a valid assumption giveﬁ that VOC samples were not collected
ébove the four-foot sample interval. Based on the areal exten't of the Tie‘f 1 SSAL exceedances
(5,017 ft®) and a thickness of 3.0 feet, the total in-place volume of contaminated soil is 557 yds®

(Table 5-4).
5.4.2 _ Soil Volume Estimates Based on Tier Il SSAL Exceedances

A composite map showing the areal extent of contamination as defined by the proposed Tier I
SSALs is presented in Figure 5-3. The areal extent of proposed Tier II SSAL contamination is
slightly more extensive than that of Tier | SSAL contamination. The depth of VOCs that exceed
Tier Il SSALs is assumed to extend from the natural soil surface below the asphalt to 13.9 feet
bgs (a thickness of 12.9 feet). This assumption includes natural soils from the 1 foot to 4 foot

interval where samples were not collected. Based on the areal extent of the Tier [T SSAL

.exceedances (7,464 ft2) and a thickness of 12.9 feet, the total in-place volume of contaminated

soil is 3,566 yds’ (Table 5-4).
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5.5 SOIL VOLUME ESTIMATES BASED ON RSAL AND SSAL EXCEEDANCES

Two small areas within the 903 Pad contain surface soil with elevated levels of both
radionuclides (RSALs) and VOCs (SSALs). Soil exceeding proposed SSALSs occur in the two
areas shown in Figure 5;3. Soil exceeding Tier I and Tier Il RSALs are provided in Figures 5-1
and 5-2, respectively. Comparing these figures with Figure 5-3 shows that there are areas where
both RSALs and SSALs exceedances overlap. Proposed Tier | SSAL exceedances in natural
soils occur to a depth 4.0 feet. Tier I (and éonsequently Tier II) RSAL exceedances in natural
soils are present to a depth of 6 inches in this area. Therefore, an estimated total of 93 yds®

(5,017 ft* x 0.5 ft) of soils exceed both Tier I (and 11) RSALs and proposed Tier I SSALs.

Proposed Tier II SSAL exceedances in natural soils occur to a depth 13.9 feet. Tier I (and
consequently Tier II) RSAL exceedances in natural soils are present to a depth of 6 inches. |
Therefore, an estimated total of 138 yds® (7,464 ft* x 0.5 ft) of soils exceed both Tier I and II
RSALSs and proposed Tier IT SSALs. o

5.6 SOIL VOLUME ESTIMATES BASED ON SSAL EXCEEDANCES
EXCLUDING RSAL EXCEEDANCES

This section provides volume estimates of VOC contaminated soil (relative to SSALs) below the
Native 1 Soil horizon where radiologically contaminated soil (relative to RSALs) is present. The

total in-place soil volume estimates, therefore, excludes the radiologically contaminated Native 1

“Soil addressed in‘Sections 5:2and 5:3. — ~ -+ - oo oL

Soil exceeding SSALs occur in two areas within the 903 ?ad (Figure 5-3). Proposed Tier I SSAL
exceedances in natural soils occur to a depth 4.0 feet below top of asphalt. Therefore, excluding
the upper 1.5 feet of radiologically contaminated soil, the artificial fill and the asphalt (2.5 foot
depth interval), a total of 464 yds® (5,017 ft* x 2.5 ft) of soil is estimated to exceed Tier I SSALs.

Proposed Tier II SSAL exceedances in natural soils occur to a depth of 13.9 feet below top of

asphalt. Excluding the upper 1.5 feet of radiologically contaminated soil, the artificial fill and the
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asphalt (12.4 foot depth interval) a total of 3,428 yds® (7,464 ft® x 12.4 ft) of soils is estimated to
exceed Tier Il SSALs.

Greater than Tier

0 93 138
I and It RSALs
Area with Soils
Less than Tier || 0 464 3,428

RSALs

* Volumes represent in-place volume.
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/6 ) NCTEZS. Generair wSCTS s mocifieg ice ius log s loilows!
Malenas amounts are estimatec Dy "5 voiume :nsieao of 15 ~eignt Ty
‘cotage measuiements nCl 20ssioi2

{1) Bacly croken core. accuraie
(2! Care zreaks cannct De maitned. accurale ‘golage measurements s¢t scssicie
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.IA (REV. 2

s T RA . EUCEE RN U O

ROCKY FLATS PLANT BOREHOLE
Borenole Number: BHY369R :

L_ocation - Non 'ME&SC K593
Date: 37//-? 7}7'

Geologisi: _&J@LER
Drilling Equip.: &EOQ PROBE

LOG , PAGE_LOF_L
Surtace Elevation: _$972 1

Area: 03 PAD/ LIP Area

Total Depth: _ Q.S FF.

Company: _T|/ERRA Project No:;GE(’ooooD
Sample Type: __ CONTIAIVOUS CoRE

=G&G LOGGING SUPERVISOR
APPROVAL __ A4

DATE 7//{/ 15

2 E? é ~ w - ¥ é » = =
= £fgz=3) Y5 | S22 2¥|as | 9% =z j=Z2.
sSilsdEe) 23152 | 25| g2 |22 $f |3z¢ SAMPLE DESCRIPTION
F POSTE i DSOB P Chiyy, Sanel, Gravzl; dlark beown
G .00 [ cc 7% (0. S YR 3), Quedede gt upte Seim fraghored,
€y 00S I%J 0.5 — fire Sl-wf‘ clum plu{'l'a ass shootsand ro«‘l'hx-."f
O, YVl ;:ooq € o8 | ! FY. Mp;rf'. ’
AN R I3 —).0— /40, 8-2-1f1; Clay, Smne{ with some ravd (4 b2.14)
—_ 9 | % |lool R ] Vu(o&'xh yellow (KYQ n/{)f}u, Sard cramblh
- © > [l.od &SS ]‘— 1.5 — [ to ‘t‘:'“rrl"’(“hJ; 3"«/»1 t fractuve ,QUm’/'z'ﬁy
q > Qis .
PR 009 IR
g jﬂ; :>)J l 9 V] l—QU—-—.ﬂ /‘/
] 7.1 .
2| & | o 2.1-2.5 . M Peco/cy
5
Lost |RS |RUS - flm T .5+,
; VIA- e
:i.Olas R RUS Iba‘-
Poly . I ]
I
| |
| ! |
NCTZ3 Genera: JSCS s mogites ior s log as iolicws:

Maieriais amounts ar2 esumated oy % voume insieac i %> weight.

1) Saclv oroker core. accurate fcolage measurements nTi

{2 Core oreaxs CNNC Se maichec. accurale foclage measurements not possidle.

oessidie.

T Pt




U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT
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Ho eralaloln s stint e adbie a2

2)

FORM GT.IA (REV.,

ROCKY FLATS PLANT BOREHOLE LOG Pace l_ce ]
Borehole Number: BH93793 Surface Elevation: 5970 £+
Location - Nocth: ;E;ZZ 97(2East: R0 ZLI300 Area: _9A03 Lo Acea
Date: 3'/[ Total Depth: 2 .(-;t
Geologist: _geerten K, Ko EHER Company: _[iesre Project No..GE GooooD
Orilling Equip.: _(5es m—{a/— Sample Type: M,\uolus core Méﬁlﬂém-__
EG&G LOGGING SUPERV SOR
APPROVAL __Monle NN DATE g [zs/]%
Py 2z . :
Po |8 offedve |t 2|82 ]0s| 5 i3 |
$38|gsdisene| 33| J8 (8922 27| 32 53¢ SAMPLE DESCRIPTICON
§3=§§Egy£ @z :( »_-_; °§ n [} -::
LY 3 -
4 . {00! Rs o.Q 1@ 0.0-0-4 Cla 54~0{ Graw' Adavk brown ﬁsyf'}
E1d | |l ¢ | oy O S O R S G
S| V| e e O Aot LAl W“C‘Q”“"’hi TES, Clangy
! 'q)) Sand Gy j loww ask "- ‘wetto
9 ! Jood Ro q — c— Yello mols V“ hard,
Q1 4 Os I)oo.g Rs ‘ /?//KIOYR Vé) 5V£vr) Conctrfva /{ h{n o] 4;
_ . — [l.oaC R piage rOMw eAd guay zv vests
\6 o N Lean R‘};‘s — 1< —/ (2% vk 3Cm, possibly calichu? ;scs virtal
N - :} . £1 clas 5 +-%c S\L F ) C 4)/ .
4 | 3 ([8IR g [ we
?)( 4 v I 20— No QtCouL/ ) rp,
DS | x
<
e .S
b— t.co
— 5.0
— Lc.——.
L r.0—
e €0 —
L 9.0
L —
L - 9.0
\ NCTES: General: USCS is modified for this log as foilows:
Matenals amounts are estimated by % volume instead cf % weight.
(1) Bacly broken core. accurale foolage measurements nct sossibie. !
(2) Core treaks cannol be matched, accurale 100lage measufements nct ossicle. :
e e
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

ey

FORM PRO. 1074 -

| ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG Pace L oF_J_
Borehote Number: _ BN 73 58 Surtace Elevation: _S 9& 8 [~/
Location - North: 7;200_2 East 2o B4 4Ol Area: __ 203 /”4»9 Lopo Area
Date: __2%/7-%9 - Total Depth: 2.2
Geologist: __ /7, L orit EREL. Company: ZERRA =rotect No. Gé Qo
“Orilling Equp.: (o PRPBE U9 LALL  Samoie Type: COM"//VM7¢5'
RMRS LOGGING SUPERVISOR
APPROVAL A DATE __2-2 = I
P =§§°§ we 2o [5e 28], ] 3. .2
5 cwzldigul g8 | z5 (53] 231353 Zs 233 -
§§§ gogggg 33 gg 33 §§ =i i= gg: b Pers”  SAMPLE DESCRIPTION
- - <7 3leveds B+ 3 / - Fo/\' il /y#/ﬂvu
L
<IN S oo/ ;‘c" 14/ ﬂ)y Xy /ma//w 3/ﬁ
ol O 1992150 loz w57 it gl f””f’ 7ore ff’
a] R s o O 5;“ o) 4 5 _ b lopmr 2
! I EN 003 135:0 00/‘Z LS e / 7 %y O{/ - @
%4 = /7
NN 0/7% poz . 55 3 com /% gngued Mf
- g . , O—
EIRE Wl s o s 0o o
NV o729 Guelh St ooz
x § tﬁ/ [M/mg /(';M Qﬁ. & ’&'V( ,x)—
Q - - -
W | W = 43,9 -4.0 Lo Focovess
. f 0
ERY, R
es | #5707
g % -
99 14852 |0\ 2012 | 4p_
R D N %) 0&/(42% L
w3 bole) 1 | T -
wy 0&2.0&2/ ) |90
- —
S0
7o ]
NOTES: General: USCS is modified for this tog as lollows: Procedure No. RMRS/OPS-PSQ 101
Matecials amounts are estimated by * volume instead of *e weignt. Revision 0
(1) Badly broxen core, accurate footage measurements not possidle. . Date effective: 12/51/98
(2) Core breaks cannot be matched, accurate footage measurements not possible. : Page 27 0f28




U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

P U SN RN SR P T NP SO N U SO Y
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LI PR IRCSUR SRS P

FORM GT.1A tREv

IR AR AP Ay . .
wvios

D

ROCKY FLATS PLANT BOREHOLE LOG

pHI3T 8

Borehote Number:

PAGE_LQ;:
5973 £t

Surface Elevation:

Location - No :Z;géf_lﬁ East: _QZQW Area: ~ 403 ¢ip A ran
Date: [7/98 _RPK 3s)i7)s8 Total Depth:
Geologist: dotn’ R KOE HER Company: Tierron Project No.:GE kooooD
Drilling Equip.: e rv—ibg Sampte Type: _ContNavous core fHGcwo Con
EG&G LOGGING SUPERVISO |
APPROVAL Dot~ DATE ___€¥ [25/38
TR g y '
Sy, | offiod ug |t | 2u |82 las| I |38 |
s38(gscjeuEe) £ (57 | 82|32 82| &° 338 SAMPLE DESCRIPTION
55|85 Elgz 3w |E = (62| " o =
- - . . 3 - '
fwot [Rs N c | °° /50‘ G, Clay Sasdd ©ravel; davk down(loyg /3
3 &E . [100& IR ,QOJ = G4 ?/’/ +°3/3)JYOMMSPL\ML¢.\Lm“- {'03C"' (mhl £
d ‘- ¢ '0:33 R_{ . _O'S-— ‘q '(7{‘), C'Q n.b{CV"’VL’) P“ SOM
cs oy 13:00 °"‘“""\ veel éYRQ/t o D‘ﬂvk UAv M luh.
t t €% locd R dbws"n bnw (;oyna )4_' wdd 4)-
0 c - P Y V1 /‘i LGIA ‘i
S i o |lors Rs 1152 3mv:_ 2n-- v« TR ;:),‘_ e%/“‘
e N BN =1 L s SN G e et o omw
— — — Q9 o 1
% | 3| ST |uss 19 3 St '“”"5*1’”0 " °M’ w&y’
f | 3 Lo (R sc 7| L ye o, Sl 5“"(\3 yelbow beowa occauou | vazts,
s 313 — 1% TR SADS Vi it rovn(prR
A €| = 722 2.5-4.56 W R RS
a i~ ' . Ne cmx/ ]CABCM)CIW.N poovq Lha'zs‘f‘
., | Td.=as¢
— 4.0—
b— 5.0—1
B to—
— -— : i ) o -7 T -
e 7.0
- —
b .0 —
— —
>——-4 9.6—
0.0
NCTES: General: USCS is modified for this Idga.sfollows
Matenais amounts are estimated by % volumae instead of % weight.
Y (1) Badly Sroken core. accurate footage measurements nol possible.
(2) Core breaks cannol be malched. accurate loolage measurements not possitle.
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u.s. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FEORM GT. lA 'REV N

ROCKY FLATS PLANT BOREHOLE LOG — e Lo L
Borehole Number: BquOqg Surface Elevation: 5‘77/ F'/‘

Location - Noqh: :;é%(z East: 20306/2%" Area: _AO3 (oo /Hcam.
Date: 03/03 Total Depth: __ads Q £

Geologist: /ShQartoo~ B, KOEHER Company: [ierrew Project No.. GE-becooo
Drilling Equip.: _(Fe mi»z__ . _ Sample Type: lAuoUS Core 3

EG&G LOGGING SUPEH ISOR

APPROVAL __ Mammle. D oy DATE _g/25 /23
3 gz z w 5 9
Suc|? glield wg ¥y 22185 (g | Iz |33
$32(g55fsedel 33 15% [s7 3|22 ] 3% |93t SAMPLE DESCRIPTION
SIS R RN A R R L
. .00l J 9.9 0.0-0. 5 G Sa wao) olmE ellovish bron oyl
’f_: {.OO} ;-AW . GM . c u J) n,v_*'oz‘ﬂ;:ﬁ‘)a le-l tj/qm uvﬂ(/ah‘oll h‘LQ N
. . o. , Qs —
%’ % ) ::%.";‘ M i3 ‘0. sct_lﬁo-!;, mo&vf- c/n.LL;LbW.\ “on qé‘ rrb/
7 AL " : 5 ay, it sa avd ) Avguel o tn mos
<O 5 g Z‘;t 1.5 JSh ';{::IQQ — £ vr.): \» Z- 9 Y P Wlaf«fg«d vauThe
1 ) ?,\n joob |12 : GC . .\ p" 5 sl l, l-u z- é\v %wv&bnvn
9 §n, P ‘m,’}/‘ﬂ ’;‘{2’41%; - ] ‘maist i- 6IV5 oM mon~ | '501“ 'lh &{?‘-{:F
O |@xo|x |2 4 W'Th_,y - 2.0FF Zv‘m ehsy N
’ . . ’ h'{b/ aoaviL 5%»(;} \

18l e

3.0 :
J.oto|= Reol| Tso
. Eﬂ mr)’IE\\u L ]

| —
— $.0——
— —

NCTES: General: JUSCS is modified for this log as Joilows:
Materials amounts are estimated by % volume insiead of % weight.
{1) Badly droken core, accurale footage measurements nct sossidle.
2) Core sreaks cannol be maliched. accurate ‘ootage measurements nol pOss: tle. . .
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.IA (REV. 1)

ROCKY FLATS PLANT BOREHOLE LOG pace l_ce)
Borehole Number: B HA419% Surface Elevation: 5909 (1‘

Location - North: 749 /2 3 East: M Area: 903 (o fram
Date: __3/ / Total Depth: __&.S £+

“Geologist: JM R AOEHLER : Company: _{iefre Project No..GE L oeoo0
' Drilling Equip.: éeppra{a.z_ Sample Type: _CotNavous core Macvicon
EG&G LOGGING SUPERVIS&
APPROVAL - DATE __8/2 f/’ g
§2§ s?éeé vg|Zu | 2 33 a5 | i: ~ :
s33[gejsene 3358 (8% |32 27| ¢ [3:d SAMPLE DESCRIPTION
555 EEz 2 =~ |2 = o ” S =
- - u“_l" ; = -
& ) l.o®) |Rs <c 2-0 4/60 ©-0.8 Clay Sa.d Gravely olq,k browm (7.
v ¢ {.002] R o8 / yr3/1> Qv’hvdkrbacml yoa Y] qut,- (qchj
5;5 %) Joo3 |Rs — 7T IRF, well geadad, meolinm 9rn Sm.a(, vourolecd 2
Q () i J.ood (R __Mdhzzi;)_c.'h qra sl = b""—, clumr)/ fr;sblc musL
ANEE N el T,
’__ A wal R v Y-} L )h( ( YR g 3 N
—_— o . { 1 ?
= :tst 3 [LeplR L Mo /?ccovc;ry g ﬁ}lluz‘c:‘:d ) i:{ﬂ:" Jw“;)y
0 s > _ . ’( MmoisT, Some yao~}- ;
Sl | & | 1 6-2.5 £t rRFafb 1 o s
[ 009 Rj—Ql;\-‘.-(_ donrl ) TD s Q.fg‘

.01 |R = Rilnsc /gq”,

NGCTES: General. LSCSis modified for ihis log as ‘oilows:

Malerniais amounts are estimated by % veiume instead ¢l % wergnt.

{1) Badly croken core. accurate !ootage measurements not cossidle,

{2) Core sreaks canncl be maiched. accurale ‘ootage measurements nCl Cossicle.
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM PRO.1014

" Borehole Number: 27752 98
Location - North: ;ﬁ“?/lz East: 20 _é_Zf_g
? ast:

Date: 3~
7- L i EREL

Area:

- ROEKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG
Surtace Elevation: 526 8 <7
V2
Total Depth: =3,
@ Company: _7Z2LRRA - Frolect No. Gf{éa A’O '

Geologist:
"Orilling Equip.: K~ /oz?&/j’ £ Wﬁq:mme Type: L o7y A/ OYS

PAGE [ cF A

,I

RMRS LOGGING SUPERVISOR

APPROVAL \ ool e 7-2-99
PPEN ;-7‘4 ﬂ' §§ .5 | iz |5k
SIS [28(8 ] 55 jREE SAMPLE DESCRIFTION
S S | (277 I 2 - : |
’ 00’/ KS ‘}:_:.‘.4 nevs (4 4
. ,1155‘02;/2 5P -y —".'ffifﬁ/raw»f/\/ 2/” 2/f f/zz 7 oS
~ 062 750 gp? - TR < ~
Q\Q’ % ) ' 0;/ . '—-/'0—7/ J?’“}QZW Aoce /@/
™M N t’\ % fé&ofz& L5 ﬁ/f%’m/ /”/’ o §lan w4
a NS 909 |3 150002 S¢ /77%6 ;)vqw/ TnGge £ 4/ 74,“(
NN [T e ot | | 2.0 rganies oo ),/
AR A QL\/ oy #r”
o~ £ o/ - 0.9~ 3.9 Clayey < /
}k }%ﬁ %J& o2 3 ('Mn//m(«;/{ Sy j{f /s
\% N B O_'. O/om.,ﬂ T ale e 4.
g Q2 / .
* § N '— 3-/7—" " / . )
@ x|\ cP 90 iy 3. 5’;~ [/.0 7 ”J(’ol/(/(y

Lo ot

S 3 7 §5 & &w é
-, CM/’MJ«:—/f/M—z( 35 o (o
| SO0
DA 48 99 Lo/ w@?aa_,{,a._
e foge awg?_ A T
1| ool |
ot oy 0472)
Hlasp. 0ob ool —
Fonsales 1028 00 (402) L 5.0
gﬁ.//mgf'zw; L
L 70
NOTES: Generat: USCS is modified for this log as follows: Procedure No. RMRS/OPS-PRO. 101
Materials amounts are estimated by % volume instead of % weight. Revision 0

Date effeczive: 12/31/98

(1) Sadly broken core, accurate footage measurements not po;s&ble '
Page 27 7 of 28

(2) Core breaks cannot be matched, accurate footage measurements not possible.

14011-93331 34-9)0% Form CT.1AXOVOLVT
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¢.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.lA (REV, 2)
ROCKY FLATS PLANT BOREHOLE LOG Pacz _|_or ]
Borehole Number: BHCI"BC’? Surface Elevation: _% 9278 ,Cf
_ocation - No/u _@[&East:é@m Area: _40% PAD/LIP' Acea
Date: S/2//9 Total Depth: _ 3.0 . '

Geologtst: R KSERLER Company: _T|ERRA - Project No.: GE&oowo0
Drilling Equip.: & EO PROBIZ/MACRICOKE Sample Type: o

=G&G LOGGING SUP‘:R\/ISOR &‘J

APPROVAL el DATE é’f/zg/e Y

$35|gsE|s8EE| 3528 | 2858 $3| If |3:: SAMPLE DESCRIPTION

$z=|8 ZfgE gl ezl 3z °° z z

S A > i )

= 190 ?'ﬁ LU A 7 .{leo D .
i 88}# ICI>Q’> GW\ 0‘3: qfau_(f T Tiﬁ(izfrsgnwg/xg ;3..3 ngi}\)d'z if'e,

g 3 |iraz 6C LLos 880314, Soil) qckF\}meAﬂ“ “hediy MO(MM)
; %t oo ol s o 6@/ Chy, sardyguavel;\ | unoonssldite] 4y oot s,

o : ' dav (19 VR 3/2, wwal% ‘!cvhah
! o tt’ gfrlh)g" '—-‘-7_)_——-,/ f/xvy j,{gézmuwéai/ )L(d(:lmjak o-c pmr Jit’
9 1| = ek g gV B caliche 13- 1941, (\W,U“WHSGI' L, slthvmow

3\ o -_— I~ € —

v | O n 9

0—— N

i‘ :'t—t ;;) Mo ﬁccu/m/y [.4~3.0F+
I =] 8 KRR

M |« | X

30
~D=30
3¢ T.D=3
' —4.0—
L ys
_5_5'__
LS. § —]
} } ) —(9 —]
- Ls — - o - - -
—97.0 —
— 1.5 —
»—X.O——
e g,S —
— Q.5 —
NCTES: Genera:n USCS s modifiec f'"v ints log as sollows:
Materiais amounts are esiimaied Dy 5 voiume nsieac ci % W“‘IC"
( ) Sa"IV orcKken cor2. accurale 700\3"8 measuremsanis ~gt 303510."
{2} Core treaks cannoi De maichea. accurale icolage Mm2asurements not Sossidie!




(.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

R PR R

FORM GT.IA (REY. 2)

phAY4a s

Borenole Number:

Location - North:
Date: __06/08/93

East A—TTS T

Geologist: _R. K6 ERLER

Drilling Equip.: &Eo EI*LQ&FZMACROODKB

ROCKY FLATS PLANT BOREHOLE LOG

sace_] orF |
Surface Fq evation: 597¢ £t
Area: 03 PAD/LIP //0—-&
Total Depth: 3.0
Company: T'[E&Rﬁ Project No.: GEGooooD
Samole Type: _CONTIAIVoUS CORE =~~~

EG&G LOGGING SUPERVISO

et

éf/l 5’1/9’3

——

NCTZS. Generarn

n‘ﬁ

:v‘a(e'.a's amounis a’e esi r*ate" oV % volume nsiead of % wen'::""

L wre "reaxs canngli e -'_“Z“."EC a::.; ate 00(309 meaasuremenis nci STssidie.

APPROVAL P sl DATE
o . ; Lz i - .
£ Sggcf:? AT IR AN oo |-2.
LS R E g §; iz 5 $f |3zt SAMPLZ DESCRIPTION
g =sjwz ; o= z = E UE’ = =
Cf 22‘2 1a:70 c:)o;-‘oéfj‘;;*clav ‘Sia " vl aa., c'a». :)"—-ysﬁ c“;,_1,1 73
32 D.
Q o . ©o3 ° — 0.8 i 0.3~ 'Jﬁ S-H) Cl(y,&ﬁ‘-«( ravels ok broun _{')’Eg/ﬁ)
AR A 12:08 Y i { ‘
™ d: ©o 2.3 J“W “ 3“" Ahgu vac 1""’ x! Qmw’)gw)
! < - Og ) celicho(? Q \.. 'owcv Ln”- Slal»‘“ym}
Q| ™| po| 32 |in:e — 10—
O b —=21s 3] [TATFH Sa L Cley-Sald Fuace mvci yellou fycllash
— : 0e7 12: 04 — L€ — b"o""(lo{/’( ?/“"0 IOVRG/) |um Sacl, so
\t O %\ 3. 1% 1.8 ‘4‘-00\50'» ISIKL'HVMlSq‘ 'Chol\o\ lol«l:qo(”
—; - 8 0.0 — :
Q é é')) —gs _ Uo Pcawtvy /‘?"3‘0#.
30
— 3.5
40— T.D.=3.0FH
i
L ]
: L5 —
i 5.5 —
- o —{(9 —
— .5 — T
%0 —
— 1.5
—x.o_
p—— 8,5 -—
._.q_o —
— Q.5 —
i
NTT JSCS s modifies iof ints isg as cliows:

BIN At AT MR e i e Bt FATE =T

ES
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U.S. DEPARM&T.OF ENERGY ROCKY'FLATS PLANT:t 4.7

B R L it U R VO S AU TR 7 SEC G SUC L~

Y

FORM?-’GT.IA‘.-‘(REV. 2)

_:‘ROCKY) FLATSL}PLANT BOREH@LE@L@G@

Borehole Number

Location - North: ZQXiZCL{
Date: DriMled: 9. )98 szmo\e_d 9-17- 48
Geologist: __ . Rupp

Drilling Equip.: L;—aoorobe,

- T Jg}%; 5:1 “OF '
Surface Elevatlon 597G £+
_Area; 403 1.p Aren
Total Depth: _3.0 feet
Company: SToLLér- Project No.: GE Gooooo
Sample Type: Condhnuous Ciore

'EG&G LOGGING. SUPERVISO
APPROVAL _ ZZar oo—A

' DATE 2/2/98

z - - E—‘ g w E ) __ o
1E T ?_5'.3 §‘-§1 gs g8 5 :'g§ SAMPLE DESCRIPTION |
= O u s £llu'." & e > a tnf 9 2
cee(3UERE 2z (gR | Rl gR 5D §F peg
e e wE . b
: Jout Rs o/*lo] 0.0 - 0.5 F,// 60 “sravel 40‘/-_(and kl((‘kf‘
& - r-o0% [19%1 | g am . :" yellowish bfour\(z Sy Z/4) 20% medivm tvCearse,
3 & - oz o5 25 05 000 jrove] minus o S'\nch subroundedto vounded , dry
1 Q Zt /.00p 1033 P 16 - 1.5 Gra.ve,\, qD% greved, 10% gand / Rock
Q| M + o0 " GP —/.0 —O ? f’ £v S, poorly qraded Yz 4o | ineh, Pinkish gy
Q 5 N ;“::3 1022 IZ.‘ ° o (5yR 7/2) subvounded anﬁulo.r broken , dry
—_— N . T ,5 . e
S ooy €| K& / z, vel-Cl wa A G ravel
<_<|; ~ 2-\ //u?f‘? 7036 'Dfﬁp /0/ c:rf{boﬁz-wqm M:?%q Ian’z/sAbmwnﬁ_yz%
S w9 e &L |20/ /5| 5000e) sobprdldar pundentely grosted Py
<1 ¢l 8 o4 ooS‘tuJ 2.0 -2.3 -, danyg
Q 3| @ — 2.5 — 2,4 -3.0 N 'l?e.c.oeery
o | (£] & _
30 —
2:60/( Bs | ns |Fouwl |lo¢3 "TD.=3.0
Q002 K0S 140 |1o¢3 ]
—  —
J |
NOTES: General: USCS is modified for this log as iollows
Maieriais amounts are esiimaiad Dy % vsiume insizad of % weight.

(1) Badiy broken core, accurais fooiags measurzments noi possiblz
y p

(2) Core breaks cannot be ma‘ched. azcurate 2ot age Measuremen:s not poss:ie.
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Borehole Number: 4,98 Surface Elevatuon s975 fiL -
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NOTES" Generai: USCS is modified for this leg as follows: .
Maienia:is amounis are esiimated by % volums .~siead of % weight, -
(1) Bazgiy broken core, accurate fooiage measurzmenis nol pessible

(2):Coiz breaks zannol be maiched. 23curals i301a0e MBASIIrEMARIS ANl nnzznla
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT ~ FORM PRO.1014
© ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE [ oF /_
. Borehole Numberr LBH347 28 Surface Elevation: _4 % 72 <%
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‘Geologist: __ 7. Luri FRER o Company: _ZZERRA Zrorect No. Gé{éod’o
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Procedure No. RMRS/OPS-PRO.10t

NOTES: General: USCS is modified for this log as foliows: icion 0
Materials amounts are estimated by % volume instead of % weight. Revision ¢
(1) Badly broken core, accurate footage measurements not possible. : Date effective: 12/51/98

(2) Core breaks cannot be matched. accurate footage measurements not possible. page 27 of 28
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NOTES: General: USCS is modified for this log as follows:

Materials amounts are estimated by % volume insiead of % weight.
(1) Badly broken core, accurate foolage measurements nol possible.
(2) Core breaks cannot be matched, accurate footage measurements not possible.
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ROC_ D :'};FLATS PLANT B@REH@J.E&, 06 szza.fﬂ -
Borehole Numbgar BH Cf QB . . Surface Elevation:.

Location - No _Area; _ 403 Li?

Date’dviled: G Total Depth: _2.0 £f.

Driliing Equip: _Greaprohe. ~ 'Sample Type: ConTidwous Cove
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NOTES: Genera: USCS is modifiea for this log as follows:
Maierials amounis are estimated by % volume instead of % weight.
(1) Badiy broken core, accurate footage measurements not possible.
{2} Core breaks cannol be matched. accurate foolage measurements not possivle.
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT " FORM PRO.101A

| ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PaGE [ oF /_
Borehole Number: _£/7 2505 & 7 |
Location - Non& 52 Y3 East 204447 Area: __Z03 p/ﬁ’? Lip Acea

Date:

Orilling Equip.. _3 =0 PXCS E

Surface Elevation: S 9&7 F

Total Depth: 3,
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NOTES: Generat: USCS 1s modified for this log as lollows:

Procedure No. RMRS/OPS-PRO.101

Matenals amounts are estimated by % volume instead of % weight. Revision 0

{1) Badly broxen core. accurate footage measurements not passible. Date effective: 1213 17198
{2) Core breaks cannot be matched, accurale footage measurements not possible. Page 27 of 28
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NOTES: Generat: USCS is modified for this log as follows:

Maierials amounts are estimated by % volume instead of % weight.
(1) Badiy broken core, accurate foolage measurements not possible.
(2) Core breaks cannot be matched. accurale footage measurements not possidle.
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" Borehole Number: BH q52—78
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NOTES: Genera!: USCS is modified for this log as follows:

Materials amounts are estimated by % volume instead of % weight.
n Badny broken core. accurate footage measurements not possible.
(2) Core breaks cannot be maiched, accurate footage measurements not possia’a,
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT : " FORM PRO.101A

© ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG Pace_{_of
Borehole Numbeﬁ? {3 38 Surface Elevanon 5 37 0 ~ 7‘ :
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NOTES: General. USCS is modified for this log as foliows: Procedure No. RMRS/OPS-PRO.101

Materials amounts are estimated by ¥ volume instead of % wetght Revis_ion 0
(1) Bagly broken core, accurate footage measurements not possible. . Date effective: 12/31/98
{2) Core breaks cannot be matched, accurale footage measurements not possible. Page 27 of 28
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NOTES: General: USCS is modified for this log as follows: <
Materials amounts are estimated by % volume instead of % weight.
\/]/( (1) Badly broken core, accurate looiage measurements nol possibla.
(2) Core breaks cannot be matched, accurate foolage measuremenis not possinle.




U.S. DEPARTMENT OF ENERGY kOCKY FLATS PLANT

' FORM PRO. 1014

PaGE_[ oF [

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG
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Date: 3= Totat Depth: :
Geologist: __ /7. /u?’A{EIQE/a mCompany: _ZZ£RRA >roject No. Gé 2 QO
Orilling Equip.: G0 PRCL L T Sample Type: _ L OAT/ A/ voUs
RMRS LOGGING SUPE S%
APPROVAL oSl DATE _7-2-99
§a5 §j§§e§ flio |t 55 oz | iz SE.
EE: 8°§g§‘§§ 31133 /é'{%é’ 22| =z |55¢ SAMPLE DESCRIPTION
SE=|S ZILZT9) o 2<rs 5% n = = -
R V7% VY A
o 1 o 0007 Doy T T ol
g5 por | A Yelugih oo, 37K 3y, pad |,
\,\ ﬂaz 750 |oel »——/;0‘—. ST L/j/[/ 2l 3y 2 7l 7 S M/ 4476
2N N Rs po! ' ) foaas5€ , /(4///0, /Mﬁ/,« //f 7( e
~) Q\ 003 I;[) ra A _/' g’ . ¢ ve at o Canm amjh /
' \ \ K5 po 5‘/(4'&2/&"5«;44/(5 0/¢/’”/ Q%g /e(l//k? '
: NG04 150 pol 1%
S w _2'0_45 o&y /
Q§ A r—2.5-J ﬂC/ 284 6/»41/1/{;/;// very , |-
} ~ ;\ 2 .85] 5 /,A g i 2T ///<) f/f /’V‘/ ”M?m
~3 Ay N —3 O— ;‘o s Somt firt To s /'5/(/‘ e /
N 3 '/41/7/0 UrM,S« le b« /2q 7/7% ”Z
J S " AN\t o etinen e
7.0 oy,
|50
1 | 2s| #T
| A4 @) oolped| b0
I R B 73 Xl 22} B R S ) R
. 003 ¢/ (G02)
| 50
Sopen (o= | /A% —
| 70|
NOTES: General: USCS is modified for this log as follows: Procedure No. RMRS 'OPS-PRO.101
Materials amounts are estimated by % volume instead of % weight. Revision 0
(1) Badly broken core, accurate footage measurements not possible. Date effeciive: 12/31/98
(2) Core breaks cannot be matched, accurate {ootage measurements not possible. Page 27 of 28
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT ’ | FORM PRO.lOiA

" 'ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG race _/_or_I_|.
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NOTES: General: USCS is modified for this log as follows:
' Materials amounts are estimated by % volume instead of % weight.

(2) Core breaks cannot be matched, accurate footage measurements not possible.

- Procedure No. RMRS/OPS-PRO.101

(1) Badly broken core, accurate footage measurements not possible. Date effective: 12/31/98

Revision 0
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NOTES: General: USCS is modified for this logasfodows: Procedure No. RMRS/OPS-PRQIN
Materials amounts are estimated by % volume instead of % weight. . Revision 0
(1) Badly broken core, accurate 1ootage measurements not possible. Date effcc jve: 12/31/98
(2) Core breaks cannot be matched, accurate foctage measuremeants not possxble Page 27 of 28
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US DEPARTMENT Of ENERGY ROCKY FLATS PLANT

T R A ¢ R et e et TS SN

FORM PRO.10] 4

] ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE [ oF /_
: Borehole Number. 3/ 758 78 : Surface Elevation: 5. %249 ~ 7
Location - Narth: 74/ F 24 East: 208 ¢ 2 2 Area: __Z03 AP Lip Acea
Date: " B~/7-95 Total Depth: o’
Geologist: _ 7. Ly rH ERER  Company: LERRA Sroject No. 6é s do
- "Orilling Equip.: _§ =p PROS E MTWZZ-I h§ampue Type: LOATY /CO/S
RMRS LOGGING SUPEEECISC()/S :
APPROVAL v Sd DATE _2-2-99
982/g58)sglel 33|33 | 22|38 |28 | =t ge? SAMPLE DESCRIPTION
§E7I8 Euz 2 A I |3 152 " z z '
N W Sl {700« S 1510 I -
05 |oo! ))|00-0& Sy (lay . 7R 373
v’ Iso0 |00z
NB ;Sd oot I~ = 44[ /g""‘/’", f/j"//[% KMZ/’I//;/;”?)/:
002’ . o G
~ S 20c _7/5(0 oo/ _ CL o Fascos L “ /”“/’f”j ) 5 >, P
\)\ f‘ 2 / Core” "(/ //""'[ (e et
) oo3 |Jzo ooz / ﬂ?cﬂ)//" /
NN 5 |ow: - /f/a,f'm/ b, phr, T ;4
QN N [goy|Be |ooz c/a.yﬁ 4/»'44,(
. ¢ ‘0__' 7/, L4 "5 AC
S v . " — he-27 6\41// g"’///"
~ 77 g},p g/z /U/V/"// i w2
4 X s
AN o~ N 7/5(04/13’ aor;,,/f,: 0 Saff 0""‘/ }Z’“/V .
~ N 30—\ ’o 4{/- I 40"4""
. ‘%“ s ) al////, '
1S - X |ET e
3 Ay
NANAS 40
Rs | R+ —
GINSY 3 |oofooipo2y || oy
003 09 oo ]
o Y 0o el
0]
I I e S e .
JO——
{;»,///m 105-Ppg ]
| 20
| 70 ]
NOTES: Generat: USCS is modified for this log as follows: Procedure No. RMRS"OPS'PRQ‘IOE)
Materials amounts are estmated by % volume instead of % weight. Revision
(1) Badly broken core, accurate footage measurements not possible. Date effective: 12/31/938
. {2) Core breaks cannot be matched, accurate footage measurements not possible. ‘ Page 27 of 28




(.5. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PRO.101 4 '

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE L Lor 3
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Procedure No. RMRS/OPS-PRO.1 0!

NOTES: General: USCS s modified for this log as follows: e
Revision 0

Matenials amounts are estimated by % volume inslead of % weight.

Szg/ (1) Badly broken core. accurale footage measurements not possible. ' Date effective: 12/31/98
{2) Core breaxs cannol Je maiched. accurate footage measurements not possible. Page 27 of 28
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT . | FORM PRO.101A

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE 2 oF 3_
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NOTES General: USCS is madified tor this log as follows: Procedure No. RMRS/OPS- PRO.101
Materials amounts are estimated by % volume instead of % weight. Revision 0
(1) Badly broken core, accurate footage measurements not possible. Date effective: 1273 1/98
(2) Core breaks cannot be matchea. accurale footage measurements not oossnole Page 27 of 28
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{.5. DEPARTMENT OF ENERGY ROCKY FLATS PLANT ) FORM PRO.101A
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT . FORM GT.1A (REvV, 2)
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NOTES: General; USCS is modified !or this log as follows:
/ Materials amounts are esumated by % volume instead of °% weight.
(1) Badly broken core, accurate footage measurements not possible.
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S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT .

FORM GT.1A (REV, 2

ROCKY FLATS PLANT BOREHOLE LOG
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NOTES: General: USCS is modified for this log as follows:
Materials-amounts are estimated by % volume instead of %% weight.
(1) Badly broken core, accurate footage measurements not possible.




Ui.5. DEPARTMENT dF ENERGY ROCKY FLATS PLANT

FORM GT.1A (REV. )
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S. DEPARTMENT OF ENERGY ROCKY FLA‘I'S PLANT
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.-'\P.C".Q.OVAL M DATE _Z7-¢6-77
R E RN EE 2“,53 2| 52 3t SAMPLE CESCAIPTICN
SNE CREY T ged T i :
' I 0 00-0.4 ft: Asdplan'
. ! Lo |
.CL ] ] ; | /'(é o.4-3. 9'9' Cl ty -sghd/ cz)vp,w
g‘; Ct ! | —).0 —, Yellowlsl,\n,,{ ( 5VYRrR S/é) qw‘-v 2]
|2 i . - L 3““ MPH A Cim (WS+G‘ow‘LO chx
8__ P I ac / {Vﬂc Ve ‘}’O Su bVouhﬂ( -Fllu,‘}'o
—_— i 2\'& i | : MCCQHAV‘\ Sahpl - ul_')B;hjulcij(«LrwJ
ARSI E
:‘_t ci I ! | ‘F\vvh/ SI)SH-LY Vv\ols
3 ., 1 !
o~ X : l
o b L |
n | . )!ms:m a .
. PG E z
& 'l"; [ z"_‘jsé L4 As above ©.4-3.¥4L
S ¢ Ho:qf o3 |VOC: =
Ol &l 9.7
P i | GC
N c‘":“ : Q9 A3 j0-034. XPX
T 3 g S
e : ; - - - — - -
O < .
. l
- . ¢q |” 'é Ooa chs GC A‘S quc— O-Ll”’g. ?H.
e & lt(s] 009 | Z5°
AN Ot ~
_ ~ | 6 I: 008 fso S C T Ci Aye Sﬁ"’l c]cy w‘hf"a_ 10YR 7}/3
@ B 2\ l 15‘ ?‘0__ "g (3[ l(r&' yl_ Y‘“Aj w eathvA 0°DUl(, /£M
#| Sl es | As bt 0493 8F
> Y .
| llil( 0i4 | VOC 9 V
r@'& Y .‘o [ BlAs «bove o.4-3. 94
4 2 gcf gl J
[ 2= | & ol
NCTZS: Generarr .SCSis mociiiec for tus log 2s iclcws:
Maienals amounts are esumated Sy % vclume insiead sf ° Ne:cm
(1) :'.ECIV sreken core, accurale :quace measurements nol ccssicle,
!2! Care seeaxs cannot ‘wrwn& nct zess: cie.
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(.5. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

e et S B s e S Vi

Den e ke 1o S e o

R N

FORM GT.1A (REV. 2)

PRALIAF

* Sorenole Numbper:
t_acation - Nonh: East 2085 G //
Date: 1 /O '

Geologist: (. KOERLER
Srilling Equip.: (GEOPROBE —~ DUAL WA(L

ROCKY FLATS PLANT BOREHOLE LOG

Area:

SAGE _,2_ cpg

Suriace Sievation: _S 279 £F
%03 PA5D

Totai Depth: .
Company: _TIERRA

Sampte Tvpe:

Sroiect No..G£G 00000

CoONTIYOOS -

£G&G LOGGING SUPERVISOR W/

P o

7-L-99

APPROVAL DATE
-;;a 52%3..5 P 2., 5':_):‘ = §_ _-—:’
SEIEEH = R ER T sEzi | if [3:3 SAMFLE CESCARIPTION
R Gl ol T 1 R -
;’J Ct— i f Sce priviovs P ye
5 - |
.17 & (Y\\ i _ --/.J'??S’ 77 13.5-11.5 CIchy Serncd YcHowls'L\ vedd (§YK’5/L)
- | % : e o / Gic sad, shisitlyplechz, s bty moicty friom,
5 s | & - |
3 ~ i, 1:31 002 T T ‘W//(/g il. $=140 Cleyey sawel as above [0.5-1] 514
AEAE &zﬂ;?uug" ibﬁ“%%’. ] .
X7 f T 00l Liass / lemouael, subrund from 13,54 o
= | ws30j6 Vo) | g = . »
| U) {(:%‘ L? g SC— :_)Q NS / MQ{'YIIX 5 Clﬁ\/t.)/ SQL‘(
= I R R .
o ad 604380, —43-0./ |
Q iy 3\; f%%&lo-qoq.xxx 5/
BREE I | .
(;6 3 Q‘I“ : 1.0 ///,; 4.0 €fF. BEORocIK Coﬁﬂif
») : i oNne
o —_.2 _ i | | 2. H.o-[(,§ C/‘rye/ Sqml}s’%r«{wm}l, yc//o«/
SRR T T (0YR U bhwsand) Avm gy
Nk pat L o 3T most Fiable 2
Qo Ik i . 0—" " .
QT 1S RYA30-00H J xkX ;o3
DL i\"" , .im_‘-f(!ﬁ i (5.7 -“’:‘3:
=+ |- ;%0-3’* OOL{ . ‘s | L s 'E.':
e |- B BBjonFE O —‘?(,o—-_ N _ -
6.5 or \3?9 o017 Vo ; 145 s (.5 €+ TD,
N T
13015 T"‘P Bla’n}\ qdm's;@o -00¢. 093 o |
s ol StvenRivse {34700-006.001 1= =
5 [Feokpe Rise ~”°"‘33|”°’°féma — /86—
\3”5\/00 RM‘%(' Ol.’lA'B%IO :] Opd - - *¥ On removin a Hha outew s+e.e.! Co/e
? : o linew @o‘ﬂs"ztwho(l about 1 £+ of
i ; H ,__/70___‘ o
| } ’ : Qdf‘fﬁl’w»yc’ (,oytol mah/lk[ Luffé" ﬁ)m‘ap‘.
. Eviduty #his mchaicl fell ot obtle pleske
P ‘ i Cove lpu// Soing slco Lom (,-uHﬁlj Shoe . Ths
- | i | : M4 ty)glh,g_f'nﬂ{")k'l'o GO Iow\/;

NCTES: Generat .SCS s meoaiiiec ‘o this 'cg 2s folews:

Maienais amounis ars estimated Sy % vclume :nsieaq o1 *5 weignt.
{1} Sacly crcken core. sCouraiz footage measursmenis Sol Sessitie.
I2y Core zr2axs s2nncl e maiched. accuraie ‘cclage measurements net SessiSte.




uU.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM GT.1A (REV. 2)

ROCKY FLATS PLANT BOREHOLE LOG

Borehole Number: HTE3
Location - North: 7% 70 East
Date: ~7°5% ~ J2~Z- ﬁ
Geologist: _ 7 LoJH ELER
Orilling Equip.: 4L BE [UAL kALl

le /O

PAGE { or 2
Surface Elevation: _5 272 'C’/

Area: _993 78D

Total Oepth: /2. 5 &

Company: _J7£°K 4 Project No.: 6L 6020 00
Sample Type: _(o )74 & P4S

{

EG&G LOGGING SUPERVISOR
APPROVAL Zj/w-ﬁ( DATE __7-¢-99
By, |2 ol o o188 e | 2 )8
§§§ gségg“ég i1 gg gg;? §§ 2| gé 525 SAMPLE DESCRIPTION
| 00-38 Bodh Loy o
/ Y G0 FE
SN —hO0— |
™ N - -
g P
N 274 2.0 3
C‘% % 30 e 38) % /7/2(00‘?4/
N o T 38-6.5 fgﬂ// oy Soslyolliars
NINZZ) VoA [[/ .5 —‘% powe /, 7 /7/ %m/o g
?’\? (§\~ _1;435__% ///4 )/;" w1 rad /
N| - FEA Y eorr [ % (oansh | julbrrse RS e 5«/“»%6
%% g 4 B _/ /7%‘( 5"4-«'0/ //u,(( pfm/z/
R 0 o
N e |
- %
’ 1~ — 0 / // :
Q ' | _/ JS 7. géow/ /(/7.»»«1 o 7 |
o ™ ?7,#//42—&&2-799( 70 %5/; e é foaase Sq /,Mmﬂ/k ¥
N / (7 e
k@ ™ Se | ﬁ"? /’M , 4(4,// st /““
SN I 'Q—%(/"/‘/ /4//)‘/{ /M o 7T
RN §DC75 50 _; / 5:/7‘. /er
§ ?Jéaé VoA — S,f—“e\/ / /
S \l ""%_Z‘ oco/ 5”&/’“ /p /,7/// el |
; \; b( % G - 1§ /a/ﬂ)’ _gw,_c///
Y — -
< ¥ / Ag/ %(4// 5;«;&//:“3; 7/0

NOTES: General: USCS s modified icr this log as follows:
Malerials amounts are estimated by %

volume instead of % weight.
(1) Badly broken core, accurate footage measurements not possible.
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT - : FORM GT.1A (REvV, 2)

{2) Core breaks cannot be matehad arriirate fantana meaciiramaoantc nar anareikia

ROCKY FLATS PLANT BOREHOLE LOG = arym i
Borehole Number: _A+ 78 358 Surface E %agtion/:&; 7(7? . '
Lowtlon Nonh: 74796/ _East: %OP,S_ &0 Area: L
Date: 97 g8 —2 [2~8 - Total Depth: /Z.é Vs
Geologast JZU?WEZ’E/? Company: _J/£/X /A4 Project No.: ££4 720 S
Orilling Equip.: .GEQLRORE Ll AL Sample Type: __( @7 lq oS .
EG&G LOGGING SU ERVISO
APPROVAL gwé‘ DATE _2-6-97
P 12 M .E g )35, z Q 4
°a‘x<_°. 2[8%az] uE | &y'| Su a5 |08 | : g
§§§ géégggg §§ 52 52 gg g3 g.@‘ §g§ SAMPLE DESCRIPTION
R L -l | I 7% 1 I .
10,
X3 M 71 / .
TN B ‘L ”‘//a—%
\ ,
% @ /; /z /7‘1711 w3 .
~ 7 ], § bdetn Sermdlsr //r sl
AN '
<) ol od B2 (L E’zg.“za“/&w;f, 57K ?/3[ ocr 7 St
kl'\ N\ya? 04 ’ 72’2,%9_ ////4'5' (‘,r / /0/5/ /
XN T S«d ey /// 0’/‘0 4 Y,
I~} § %0_ ) 6&07( /:r/z(’ U Ce 44 /5(’ 40/ S
ﬂ% ] é’/7 0/ '7/o /3. 6:1({1//”)/ I ZCA R Ad ‘“'/ﬂ/‘%
§ \\S N B CWS/ wct TS N
T’l\ Yl W 77,587 R //?zyrff&u.é/fcf o/V}’/A(ﬂM/]//W/S
' = /‘/.ﬂf//j Ay /;4/ Yoo oy |(r 57
§ ~ B '—T*_‘_: l(a/ h,// / /7/7//4////{5/&/" 4
Y & log == Jivee, € 514 Bloiky . clomss, Locads
X ' WnﬁqL_’ = oA // wi Tl soms 1 f/ [5¢74 v 7 2 il
N N ) Alv - — /fm fmo/ )/»fr- o/f/é//7/)/92
. ,%§ § 9o T 158 S
o Fi g, [
/70— /;44,,,‘,/ Ve a/«‘ 7/6(‘/6 /‘/ ”
Za}/fqm/( ‘33 /Mz(q/lﬂ/
] /1/7{4/%'/ h/'7 ﬁ/'!v/
Ban BN IS 7R
0]
NOTES: General: USCS is modified for this iog as foliows:
Materials amounts are estimated by % volume instead of % weight.
(1) Badly broken core, accurate footage measurements not possible. -
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'U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT T FORM GT.1A (REV. 2)

ROCKY FLATS PLANT BOREHOLE LOG - PAGE_[ oF 3
Borehole Number: A4y 784 28 Surface Elevation: $ 276 £F - ,
Location )l ? 22(2} East: 2085 9/0 Area: _793 Pap
Date: {0/2//58 — [(0/26/98 . Total Depth;__2 3.0 £F
Geologidt: _' 77 Ly7HERER : Company: /7R A Project No.: é £ 600001[)
Drilling Equip.: KFoﬁlfd[)'E gL Eact Sample Type: _Coervteous
EG&G LOGGING SUPERVISOR
APPROVAL _Mon fz_ \CSW"Q DATE __2-6-9 7
[=5
3 z |y z : gé 2 u
Rex|f F[oEe3| ug|g 23 asleg | - 8
§§§ gsg, 5228 18 g§ 87 z2 |55 g@ 338 SAMPLE DESCRIPTION
2 C E,‘E ‘g * Ug - -/ y)
0.0-38 Soc Borokils lo5 -7
] BHIOI7E
N
ol — [0—
M| A
N A
- - 225 - ;
N N — A\ [|2.25-38 46 Rocovery
\ N
S % — 3,0'_'
3 \
| L
) 3.8
oo1 [R :3 a _;L/O—}V// 3.8-7253 //f«)t’/ Somsol
‘ - 4.4
\% 007_ L350 Yy g S NCRS ‘/}//// ,// , gomg cocrs?, ;,;,/C_.,‘ﬁ/
N o913 |voa £ | ;{0—//0 faio«ma/’ 5«7«/”””/&” //5;
V™ ‘ ’ span wm w S //ff s
% L\\ (/‘7432 ok oolxkXx [T /?{15 /4/' /
- U [BREA 5 Y IR DR T T CAGUI, spo s 19 .
at _ ' SC —6.0— anlro/f o ST Y .
NLS ]
X o 20
@ — . 7.53-28 Lo @Cawe/\\/
SO 1" ﬁ;/af,/ flo ’rﬁcj f«m//vt 7@ . o/«/ fa
g- —3() Wt | sorl Lotweonn Lrin amct shino
! - - 7.8 /O S"// ﬂoy/%/ff/
VT 7 ﬁ; '7 . fh L
. N 5 7o S via /nﬂ s 7/¢((’ //r//“‘m’
N o8|+ . %4 1d 7 /
iﬁ ch‘ . (0M510, /o/ 7}/(/ 7 {M >
& 8 T l/l"‘\/ f,/ o~ > /
@ ol o4 10,0 WJ Yoor //? e
NOTES: General: USCS is modified for this log as follows:
Materials amounts are estimated by % volume instead of % weight.
(1) Badly broken core, accurate foolage measurements not possible.

(2) Core breaks cannot be maiched, accurate footage measurements not possible.




U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

'FORM GT.1A (REV, 2)

ROCKY FLATS PLANT BOREHOLE LOG

Borehole Number: B4 744 28 v
Location - North: Z42/¥/ East: Zo8 59/¢
Date: _/ 0,/2/ 28

Geologist: 7o L y7HER LR

Drilling Equip.: GEQ LROBE  PVAl l/4LL.

Surface Elevation: _ 5 27& Ff
Area: 203 Prp
Total Depth: _2. 3.2 A/
Company: //ELR4 Project No.: 555000 o
Sample Type: (O 772 LS

EG&G LOGGING suptwsbgﬂ
approvaL _ Man oSl

DATE _Z7-6£ -9

3?!x§ :ggog “‘El ‘é’g Zu gé o B fL‘. ]
égé §3§§§E§ HEEEE HIH AT 3g8 SAMPLE DESCRIPTION
. ny — [d:0 ‘ 49 ¢ /O (o, é;wp/f S;2e %4,.
g et Al Frocer L, ot
AN ok |
3 i -_// 11.0-14,0 C%ﬂ/%/ Somef
by \\ — :150— - ¢ 5 Ay
Q| N0 . / '
N RS =
N2 5 ﬂ/
NN N —{30— 4/ 4.
% o5 | VoA 35 /
N 7
1,60~%/ 41— — '
N 5C 14571 /4’-0'/4"51 _//&/ﬂ/ gﬁ/ Somrr 75
§ . ~~‘ . g hell. / /
RN | 5‘7 /50— 1q.5-/5.7 Sty Grote s -
i\\\ N OOQ.RS __' N s 25 (< 25/ o
Noto ALY /5 4 A .,//Z
W B ey |
?- §06 VoA K5, // 5:;;, o~ 74*7»/;1/1 Scans <5 & B
@k }g., 2 57 %47, H5)70 Ao Recorerr
o e Bl T e
(S \\Q 'g_ ""ﬁ //.0“{7j~_ ./)/57,{44/7{‘4 Q/é’/u//(
- S| SLga | cree comn 7 fom B8 027
g 3
o ’\‘ e 36 4 J|8:¢~19.7 (47z~2 G G5 < leve
N o O |
J £ VESL 4
S S SR

i NOTES: General: USCS is modified for this log as follows:
Materials amounts are estimated by % volume instead of % weight.

(1) Badly broken core, accurate footage measurements not possible.

{2) Core breaks cannot be matched. accurate footage measurements not possible.
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PAGE2 or 3 |
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT . FORM GT.1A (REV. 2)

ROCKY FLATS PLANT BOREHOLE LOG . PAGESR of 3
Borehole Number: _ 84/ 744 25 : Sutfacejgzvation: &5 976 A~

Location - North: 249 /%// _East: éﬂaé y /424 Area: S L4

Date: [Q-2(-58 —> [/0-26-9% Total Depth: _235.0 A/ .
Geologist: Ly 7H £REL_ Company: _//ELF4 Project No.: GE sroe oA

Orilling Equip.: SL£LpRE._LLH, LSl Sample Type: _Ccu 7l oS

EGAG LOGGING SUPERVISOR
appROVAL ___Manle 1 et

DATE _7-¢6-99

£ z
g g - g’(’ 5 ‘@ g gQ _‘ b4 o
P¥slc, 3|8803l ¢8| 5y | 2y 250 | g |38
§§2 §°§§§£§ 13 (3% 24 $E(32 g ggg SAMPLE DESCRIPTION
s . woo ¥ ] - .
2_°~0% 155-22.0 Clayoy Samd Simme a5
S — = g vere :
";Q; .
{ \m Sc —-2”0——/
Ny 0% 73 2 —% oy,
i . -\~0/2_ 7So ‘ 22,0 /// 2410‘2}.& é—/}{, [A/K’ one Z/a/gro,/a%(
:T Vo# ____‘-T_ ‘ = 22.0 FA
N L s -”7//7,/,/%%/, wiiclign]
N N 404 o7 [ 0rki, s omse, o9 fuio fe, S
| 23,0 E |07 e gt fent, ol foro e 5~
D /
I J) =250

NOTES: General: USCS is modified for this log as follows:

Materials amounts are estimated by % volume instead of % weight.

(1) Badly broken core, accurate footage measurements not possible.

(2) Core breaks cannot be matched. accurate footaae measurements nat nnccinla
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PRO.101A

7Y
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG DAGE.LOF ' .
Borehole Number: ﬁ//4/5‘ /4‘8 : Surface Eievation: 5?7& /’,L
Location - North: 2 ¢/ /East. 2B S5 BL7 Area: 03 FAL
Date. _$ ~/2-9% Total Depth: )3: é
Geologist: _/; Lo THERELR. Sompany: J/ZER. Srotec: No. KF&MC'O
Driling Equip.. GERLROLBE ~ Ll g2l Sample Type: 604/7//00005
RMRS LOGGIVG/%/PEZIS :
APPROVAL . DATE __ 7-7-99
335|855s8¢ %%’ 3I| 23|28 |75 | = |53:8 SAMPLE DESCRIPTION
L.0- 3.8 Sece /‘j for
- BHICETE
<
. ~
N N - -
NS
|0, —
N - A ’
' % § 3. —
)&
% ) . B ]; ' -
N[ | _1,0_1% 3448’ //4/'/ Szl week '\ g
i o - SO / #o ,C««Amfﬂ/o//”’ &g{o% —[wrd 7/
N g "”“% ‘”“/w (Ao i o -> %
, 2 _ -
X| XY 481 F-001- >0 [ 4300 -
40—//{&; TG Loy 17 Sand £9-5.9 Frodlingy
i\q‘ﬁa = '_//0[”/7//),(//4?? {)4»5/
) v 160 | 45 : _.8',0_% frowm 75 7% j// /"’/'v“/"é
-t - 2 TCa ~
. Q)Q‘ :E ﬂ; 37 aid 4& B _‘% % (/ 7{4 (-2 )
c\ﬁ\ .
002 oz ~ /
A
IS o %
Q GIA Q1T -08 Poxxx | 004
L
NOTES: General: USCS s modified for this log as follows: Procedure No. RMRS:’OPS-PBQ- lO:)
Materials amounts are estumated by % volume instead of % weight. Reviston
‘ . (1) Badly broken core, accurate footage measurements not possible. Date effective: 12/31/98
l C\w ' {2) Core breaks cannol be matched. accurate footage measurements not possible. Page 27 of 28
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANTI

FORM PRO. 79
101A 7 ;f

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE < OFﬁP'/?
Borenhole Number: ﬁ,{/?{f ;f Surface Elevation: _5 276 F/ :
Location - North _}%ZL{ZEast &9 7& &Q7 Area: _ 223 _#
Date: 77> 5-2/- . Total Depth: ,
Geologtst / Z//?WPZ&}P Company: _ZZ&4: /4 Project No..G£ 4 ocp g
Drilling Equip.. CEQLRILE (Al kel Sample Type: _C@477402d S ~
RMRS LOGGING S%VIS R _
APPROVAL MZ pferet DATE 2-7-77
[~
s |z _lez z w we | .| =z g
Qux|R Z|9203| 4G |Sw | 2y|a5|wd | : g
Eg% ’éggggé 33 §2 22 1 82| £8 [3g¢ SAMPLE DESCRIPTION
.0 e = &,_2_ 1;‘, w o2 . =
N /a.ogl/yg o€ /’/ézrf;/ /;Ww,_
- ~ ‘ A
\f\\ o ﬁﬂ/g/ 7-043-X¢0x - —% )733/40( ,/j'ofm P74 W?’a 2540
\;3 %m/ n2 s¢ '—//0‘%‘: o |
1y 5p %
1YY M#3 0 TP o _;//
X N .
[~ S 062 RO % 4
N 97 Za/zg/7 S&M/'w/[
,\) % é R qrqw/ (o 0777{ p/z/ grv 7o coatf™ |y /,
Qs [T sms9 ¢ VR s, 4 o 4"%5’ g S S o safomsil
NN YR Mmf/.w/ /
N G Sty e with e
h —% ?44121 ,f’é( d Qﬂf’ o/j//ﬁ'7
\_ g C[/ _ﬁa_/ / ! AS 4(‘4 >, / “ Eo/‘/
4 3 A e Ve v
N § — “//}’,ffﬁzw //v’”’“’ 2.5FR G lh
X X /57 /7//4 U o/we gy 2. § 7N /ﬁ /
N el Y re-re /M/y//a/ @)
“{“ 03 /5.4 7L- I~ _i% Loy Jfotnr G{‘lV’ S y(’M/t$'7 5“”0/)‘/
)f\. -\\Q M’Jff é ] __’/éﬂ__,%/ S /4,,.,,¢,a/o/ 7[f4 g b <'/C f ’ ;«w‘/
9 & N //)//V[ ey
\d x%,gl/&”/?-w%p;y p // 7o 7///41//% ;,/ S/ 5’/ o
\%L N ' y// ] 2,0- (80 b /W wy g
RN o
\ & : // Wa 3% c~5¢ /rvmf .
% - ; o AR a/«dﬂ A 07— Qe amgadis
§'b: 5 éu/ 70 « § fom_ 1o
I "QS - -] J3.3-)8 6 o L;l"ﬂ“a’l/‘/.
')' __/7& /% /5’5 25/ {'aw’/f (Am'/ /—06-/(;)/ f] 7’li/ /
e e 7 Sy LTy / A
. S - A —,_1 v “
rh 5 1 epatd X v By 794
[ & 1 < 4 ‘
NOTES: General: USCS is modified for this log as follows: Procedure No. RMRS/OPS'PRQ'W:) ‘
Materials amounts are estimated by % volume instead of % weight. Revision Y
(1) Badly broken core, accurate footage measurements not possibie. Date effective: 12/31/98 .
(2) Core breaks cannot be matched. accurate footage measurements not possible. Page 27 of 28




e et At N e s e g et e v M A aTe R TSR R e e e et : SN
rtase e arans s aran e v A SR AL R & 2T A Lot <. b i e KRN TS AR S & e e et .

U.S. DEPARTMENT:- OF ENERGY ROCKY FLATS PLANT ' FORM PRO.101A

ROCKY FLATS ENVIRONMENTAL TECENOLOGY SITE BOREBOLE LOG PAGE 3 oF 3
Borehole Number: BHISS S8 Surface Elevation: _S 270 £t

Location - North: 7%2[% 7 East 2OBSB L7 Area: 23 90

Date: __§ =/77-~99» {-2/-99 Total Depth: 25

Geologist: -/ Ly7 HERER Company: _/2£RPA Project No.: G s200 25

Drilling Equip.: _gFECRe/3 5 LTt kAL Sample Type: (v 7w vdys

RMRS LOGGING WRV?DR
APPROVAL an Mm/ DATE _ 2~ 7-97

s |z lez 3 " wd| | = g
2ux|B 3[S2aEi 4§ | 5w | 2u |35 |88 | zp |28
THILHER RN 5glz2 |53 | 5f [9g8 SAMPLE DESCRIPTION
. = -&,Zg, 3 8 - £ L 4 ; /L / A V4
I 300 N | o Landon? T fAHE T satanihl
SA[E. E AN\ Sy 188 <~ Sy 1857797
RN .
SIS |2l
RN // 21 1-22.5
e F fi“/ SRl S A
~N . ’s
1 §é§ | 20 / bocally Grading lo Faes Sep
~ . 223 /2 _ /
%‘ggg proses ) 5 _/{/ 2.4-22.5 //qff/?.«// B Contac 24
A ZZ,A — — N
== 2055228 (Liyshme 2 57R 343
N RN PZP Y | BI N lond oSt drvon 7R Y, L9
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Procedure No. RMRS/OPS-PRO.101

Materials amounts are estimated by % volume instead of % weight. Revision 0

(1) Badly broken core, accurate footage measurements not possible. ' Date effective: 12/31/98

‘ qg NOTES: General: USCS is modified for this log as follows:
Page 27 of 28
e |

(2) Core breaks cannot be matched. accurate footage measurements not possible.
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L c S
FORM PRO.101 5

~ ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG

" Borehote Number: é/y L5 58

Location - North: = ZB East: Z2

Date: _S$~/2 ~5925-)3-57 +4/8/29 —
Geologist: __ 7. Jur i ERES

‘Dnilling Equip.; Ko PROALE ”V4[ j//é[—

PAGE [ oF 3
Surtace Elevation: S 9727 ~F

Area: __ 203 AL :

Totat Depth: __ < 7,1 £+
Company: ZZERRA
Samole Type: {Ot7 /A LOUS

RMRS LOGGING SUPERVISOZ -
APPSOVAL Y% W

NOTES. General: USCS 1s mocified for this log as follows:
Materials amounts are estimated by % volume instead of %
{1) Badly broken core. accurate footage measurements not possible.
(2) Core breaks cannat be malched, accurale footage measurements nol possible.

Procedure No. RMRS/OPS-PRO. 101

weignt. Revision 0

Date effective: 12/31/98
Page 27 of 28
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NOTES: General: USCS is modified for this log as follows: Procedure No. RMRS/OPS-PRO. wi)
Materials amounts are estimated by % volume instead of % weight. Revision
(1) Badly broken core. accurate footage measurements not possible. Date effective: 12/3 1/98
(2) Core breaks cannot be matched. accurate footage measurements not possible. Page 27 of 28 //
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT o  FORM PRO.101 4

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG . PAGE_ X or2
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Location - North: 74 2/28 East: 22 5 59‘/0 Area: (W)

Date: $=(2-23 = 5379 Total Depth: _2 3. é '
Geologist: __/, Ly TmcPEX ' “ompany: (d=y - Srolect No.. G Egovood
Driting Equip.. CECLPRIBE  Da [ p/> a Samole Type: ol S

RMRS LOGGING SUPERVISOR
APPROVAL

i

DATE -7 -9

OF LOIE
1 BUX
613
INTERVAL
FEET OF CORL
ININTERVAL
(FIELD
AE ASUMEML T
SAMPLE
NUMBER
FIWC st
AtKGLE
Bt DIt
AGLE
GRAINSIZE
S MBI
e
[(AER
Sy
vihr e
1LY

SAMPLZ DESCRIPTION

Tofrgotiom

QUOIS TFUBLTION

§
B
™
~N

¢ 20.0

RGN, 730&3} i .
| | 210 ]

30T ey G AR
/Iroy’f/./ .
200-21¢ //a\/// St A secis”

{7

/
N\
&

h3

204214 RS54

N a0 [RnE 7| 10vm0110M

UG- 2245 (Feyip Send 2A /wm’”

2245231 Sl //}/;7’
Moo /g//( ‘yj /Mjl /4 / 4«/\'/

Qﬂr y Pl ;C 220

TLa 2y 2245

@ Lag | i

2.9 -
273 |53.0 'fa/ﬂ_?__gj'g_ /cfg/ 4/076/"’ %
=5

£RY
~

fecoverty. | R
a4
%\\“SW

/5

Rt 1/
204~23.7
ﬂﬁ'ﬂ//

No. RMRS.OPS-PRO.101

NOTES: General: USCS is modified for this log as follows: Procedure No. RMRS.OPS PRO 0
Materials amounts are estimated by % volume instead of % weight. Revision

(1) Badly broken core, accurale footage measurements not possible. Date effective: 12/31/98

(2) Core breaks cannot be matched. accurate {ootage measurements not possible. Page 27 of 28
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM PRO.i01 4

Location - No East ZOB 5806k
Date: NI

Geologist: 7’ Lurd ERER
Orilling Equip.: _( Fo PRCLE LA LALL

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG
Borehole Number ﬁl/ ?5 z 8

once L or

Surtace Elevation; . 5977 ’C/
Area: __ 703 pﬂﬂ K
Total Depth; _2<2.
Zompany: IFE&"
Samote Type: oA A LOUS

Srolect No. C/‘-a/waaa

NOTES: General: USCS 1s modified for this log as folows:

Materials amounts are estimated by % volume instead of % weight,
(1) Badly broken core, accurate footage measurements not pcssible.
(2) Core breaks cannol be matched, accurate footage measurements not possible.

Procedure No. RMRS/OPS- PRO 101
Revision 0

Date effective: 12/31/98

page 27 of 28
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

o iisasat b,

FORM PRO.101A

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG
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" NOTES: General: USCS is modified for this log as follows:

Materials amounts are estimated by % volume instead of % weight.
(1) Badly broken core, accurate footage measutements not possible.
(2) Core breaks cannot be matched, accurale footage measurements not possible. page 27 of 28

Procedure No. RMRS/OPS-PRO. 101
Revision 0

Date effective: 12/31/98
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE Z oF I |
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NOTES: General: USCS is modified for this log as follows:

Materials amounts are estimated by % volume instead of % weight.
(1) Badly broken core, accurate footage measurements not possible.
{2) Core breaks cannot be matched, accurate footage measurements not possible.

Procedure No. RMRS/OPS-PRO.101
Rcv1sxon 0

Date effective: 1273 1/98
Page 27 of 28
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- ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG
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NOTES: General: USCS s modifiea for this log as folows:

Matenais amounts are gstimated by % volume instead of % weight.
(1) Sadly broken core..accurate footage measurements not possible.
{2) Core breaks cannot be matched, accurale foctage measurements not possibie.

Procedure No. RMRS/OPS-PRO.101
Revision 0

Date effective: 12/31:98
Page 27 o7 28
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE 2 OF 2
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"NOTES: General: USCS is modified for this log as follows:
Materials amounts are estimated by % volume instead of % weight.
(1) Badly broken core, accurate footage measurements not pcssible.
{9\ Core breaks cannot be matchea, accurate foctage measurements not possible.

Procedure No. RMRS/OPS-PRO. 101
Revision 0

Date effective: 12/31/98
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NOTES: General: USCS s mocified for this iog as loliows: \ Procedure No. RMRS/OPS-PRO.101
Revision 0

Malerials amounts are estmated by ¥ volume instead of %. wetgn(

; ) (\W (1) Badly broxen core, accurate footage measurements not possible. ‘ Date effective: 12/31/98
(2) Core breaks cannot Se matcned, accuralé ‘ootage measurements not possible. ’ Page 27 of 28
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM GT.IA (REV. 2

{2) Core breaks cannot be matched. accurate {ootaae measurements not oossihla.
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" Materials amounts are estimated by % volume instead of % weight. .
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PRO.i0] 4

. ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE [ oF 2.
Borehole Number: /77/7’729 ?@ Surface El7evanonp f 27 7 ££
Location - North; ’&322 East 2 éﬁ &l Area: 03 /A -
Date:  3-2F9-99—> 4~ Total Depth: /8.8

Geologist: 7 Zur,qF/?E/i‘ Comoany: 7ZL£RRA Zrolect No. Cf{waé’b

‘Orilling Equip.: _5 £Fp PLCLE ”4[ LALL Samole Type: (Ot 77 A/ 00US

RMRS LOGGING SUPERVISOR J ‘
APPROVAL Yy /2% A/ DATE 2-7-FF

Procedure No. RMRS/OPS-PRO.101

'NOTES: General: USCS 1s modified for this log as.follows:
Revision 0

Mataerials amounts are estimated by % volume instead of % + weight.
(1) Badly broken core, accurate footage measurements not poss-ble Date effective: 12/31/98
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(2) Core breaks cannot be matched, accurate footage measurements not possible. Page 27 of 28
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PRO.101A

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG, _ PAGEZ OF2
Borehole Number: 5/777 '7ﬁ;,¢ . Surface Elevation: 59 79 F
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NOTES: General: USCS is modified for this log as follows: Procedure No. RMRS/OPS -PRO.101
( Materials amounts are estimated by % volume instead of % weight. < Revision 0
(1) Badly broken core. accurate 1ootage measurements not possible. D,‘;[e effective: 12/31/98

(2) Core breaks cannot be matched. accurate footage measurements not possible. Page 27 of 28
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uU.s. DEPAR'I'MENT OF ENERGY ROCKY FLATS PLANT
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FORM GT.1a (sz 9)

ROCKY FLATS PLANT BOREHOLE LOG
Surface Elevation: _S 2K O £ A

Borehole Number: /54 77 /85

e Lo 3]

(1) Badly b(oken core, acxd(ate 'ootage measuremean not possible.

e~ o~ .
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT ~ FORM GTIA REV, 2

ROCKY FLATS PLANT BOREHOLE LOG | PAGE=_or_3
Borehole Number: __ PN 77178 Surtace Elevation: 5 480 €
Location - North: Z¥Z 7//_East: é_é_&’i_g_/ Area: _ 7283 [FAE0
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L NOTES: General: USCS is modified for this icg as follows:
97 - Materials amounts are estimated by % volume instead of % weight.
{1) Badly broken core, accurale foctage measurements not possmle
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT < FORM PRO.101A

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE 3 oF 3
Borehole Number: 6/7 77/?/? : Surface Elevation: _5 980 £+

Location - North; ;zg 2// Easl 20854// Area: 3 [y

Date: _L2-/9~F7—s /=7 Total Depth: %é L £F ‘
Geolegist: _/, Ly ru oelf “ompany: LELRA Proeci No. GE 00000
Driling Equip.. __G£o 285 Samole Type: (aeZiirao<s
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' NOTES: General: USCS s modified for this Iog as follows: Procedure No. RMRS/OPS-PRO.101

Materials amounts are estmated by % volume instead of % weight. Revision 0
(1) Badly broken core. accurate footage measurements not possible. Date effective: 12:31/98
(2) Core breaxs cannot be matched, accurate footage measurements not possible. Page 170628 |
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..S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM GT.lA (REV.

2)
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7(«/’

ROCKY FLATS PLANT BOREHOLE LOG ' PAGE /_oF 2
Borehole Number: /?ﬂ??Zf/? Surtace Elevation: S 275 £F
Location - North: 748 East 2285930 Area: 23 LA Lo Arerx
Date: -26-99 —> G6-2-77 Total Depth: 7
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NOTES: General: USCS is mocifiea ‘cr this icg as foilows:
Materials amounts are estimated by %

volume instead of % weignt.

(1) Raaly broken ccre, accurale ioclage measurements not possible.
(2) Core breaks cannot be matched. accurate fcolage measurements not pcssitle.
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT
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FORM PRO.101A

Borehole Number: H9 77
Location - Nonh:7 East: 2085 730
Date: __{~ 28 ~75
Geologist: _/ Ly 7 X EREL
Drilling Equip.: Jf—vﬂﬁoEF A A

. ROCKY FLATS ENVIRONMENT AL TECENOLOGY SITE BOREHOLE LOG
Surface Elevation:
Area: 222 /XL Lo Area
Total Depth:
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NOTES: General: USCS is modified for this log as follows:
Materials armounts are estimaled by % volume instead of % weighi.
(1) Sadly broken core. accurate footage measurements not possitie.
(2) Core breaks cannot be matchea. accurale tootage measurements not possible.

Procedure No. RMRS/OPS- -PRO.101
Revision 0

Date effective: 12/531/98
Page 27 of 28
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Ui.S. DEPARTMENT OF ENERGY ROCKY FLATS

PLANT : FORM PRO.10i 4

ROCKY FLATS ENVIRONMEVTAL TECHNOLOGY SITE BOREHOLE LOG =AGE—LCF_L
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Geologst: _ 7. [ rm ERER

Da(e

- Driling Equip.. =0 PROBE AL 3 ALL 3amole Type: (o /V&daf
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NOTES. Generar USCS 1s mocifiea for this log as ‘ollows:

Matenals amounts are astimaled dy % volume instead of * wergnt.
(1} Badly brcken caore. accurate foolage measurements not pessiole. Date effective: k
{2) Core breaks cannct ze matcned. accurale footage measurements nct possible. : Page 17 ot 28

Procadure No. RMRS/QPS-PRC. 101
Revision O

L 123198




T
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FORM PRO.1014

ROCKY FLATS ENVIRONMI;NTAL TECHNOLOGY SITE BOREHOLE LOG
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NOTES: Generat: USCTS s mocified ‘or this log as ‘ollows: o
Matenals amounts are sstimated dy % volume insiead af % wewghl. Revision 0
(1) Baaly oroxen core. accurate ‘oolage measurements not pessiole. Date cff:c:ivé: 1272198
(2) Core breaxs canngx Se matcned, accurate ‘octage measuraments NGt SCssidle. Page 27 0f 28
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Procedure No. RMRS/OPS-PRO.101

NOTES: General: USCS is modified for this log as follows: e
Materials amounts are estmated by % volume instead of % weight. Revision 0
(1) Badly broken core, accurate footage measurements not possible. Date effective: 12/31/98
(2) Core breaks cannot be matched, accurate footage measurements not possible. " Page 27 0f 28
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FORM PRO.101'A

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG
Surface Elevation:
Area:

Total Depth: M‘{ 2¢.47

Zompany:
Sample Type: (o £/ 225

Borehole Number: BH 7/70/78
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NOTES: General: USCS s modified for this fog as follows:

Materials amounts are estimated by % volume instead of % weight.
(1) Badly broken core. accurate foolage measurements not possil_)le.
{2) Core breaxs cannot be matched, accurate {ootage measurements not possible.

Procedure \o RMRS/OPS-PRO.10I
- Revisiton 0 -

Date effective: 12/31/98
page 27 of 28
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT - ' FORM PRO.101A

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG F"‘Gm
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gl@ NOTES: General: USCS is modified for this log as follows: ‘ Procedure No. RMRS/OPS-PRO. 101
Materials amounts are estimated by % volume instead of % weight. Revision 0
(1) Badly broken core, accurate lootage measurements not possible. Da(e effective: 1273 1/98
" (2) Core breaks cannot be matched, accurate footage measurements not possible. Page 27 of 28
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM PRO.1014

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE=R oF P
Borehole Number: BA/?'Z{; § , Surface Elevation: _ S5 97l £
Location 2 North: Z¢7/35 East: 2085 E&O Area: __ 203 LAD
Date: ‘5‘ /8 = 99 ""‘* -23-92 Total Depth: _2
Geologtst: /LT ERER Zompany: __Z7£RFRA Srorect No..//f sore 2
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52"35; §§§9§ wg ?‘: e gé "z E—. :;
5381g58bgie) 33 (g7 |27 38238 It |3:% SAMPLE DESCRIPTION
5:'§ ‘-'.-Eg'gnz 2 z ,_—,é A z z ,
o [y 20.0 ¥
LN s¢c - J/A
< S / /
._2,0_7 208 . 2258 (/ (,),f,,,,///
'Q\, ;\‘ L/M]’{ /i,.(o,/ 4 4,,, Z{er//
< 20,8 - 21/ 523 a/va// ald
BE- U N W
{ e 7
XK
s 475" e 228
%,4’&7 20\ a2/ [ls
gl Vo4 — T
5 M” 043 e -
st
195 ol 04 ||
or |5 20
: T i R e : . )
—  —

- NOTES: General: USCS 1s modified for this log as follows:

Materials amounts are estmated by % volume instead of % weight.
(1) Badly broken core. accurate footage measurements not possible.
(2) Core breaks cannot be matched. accurate footage measurements not possible.

Procedure No. RMRS/OPS-PRO.101
Revision 0

Date effective: 12/31/98
Page 27 of 28
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Characterization Report for the _ Document Number: RF/RMRS-99-427 UN
903 Drum Storage Area, Revision: ‘ 0
903 Lip Area, and Americium Zone Date: September 21, 1999
Page: B-1

Appendix B

Precision (DER) Calculations




S
99A5936-002.001
99A5936-004.001
99A5936-006.001

.‘:Sufrace Soil Characterization Precison Results .
-Gamma Spectroscopy - Americium-241

99A5936-003.001
99A5936-005.001
99A5936-007.001

1.528695

0.382198
0.699928

2-002.002
98A3372-002.004
98A3372-002.006

98A3372-002.007
98A3372-002.008
98A3372-002.009

1
4.142161
0.571169

ION

99A4878-003.001
"|99A4878-005.001

99A4878-007.001

89A4878-004.001
99A4878-006.001
99A4878-007.001

1.450623
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Surface Soil Characterization Program
- Precision Results

30

30
30
30
30
30
460
460
460
460
460
460
669
669
669
669
669
669
30
30
30
30
30
30
460
460
460
460
460

---460

669
669
669
669
669
669
30
30
30
30
30
30
460
460
460
460

Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicéte
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real -
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real
Duplicate
Real

1

99A5936-005.001

99A5936-004.001
99A5936-007.001
99A5936-006.001
99A5936-003.001
99A5936-002.001
99A3372-002.008
99A3372-002.004
99A3372-002.009

|99A3372-002.006

99A3372-002.007
99A3372-002.002
99A4878-006.001
99A4878-005.001
99A4878-008.001
99A4878-007.001
99A4878-004.001
99A4878-003.001
99A5936-005.001
99A5936-004.001
99A5936-007.001
99A5936-006.001
99A5936-003.001
99A5936-002.001
99A3372-002.008
99A3372-002.004
99A3372-002.009
99A3372-002.006
99A3372-002.007

-{99A3372-002.002.

99A4878-006.001
99A4878-005.001
99A4878-008.001
99A4878-007.001
99A4878-004.001
99A4878-003.001
99A5936-005.001
99A5936-004.001
99A5936-007.001
99A5936-006.001
99A5936-003.001
99A5936-002.001
99A3372-002.008
99A3372-002.004
99A3372-002.009
99A3372-002.006

Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Am-241
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
Pu-239/240
U-233,-234
U-233,-234
U-233,-234
U-233,-234
U-233,-234
U-233,-234
U-233,-234
U-233,-234
U-233,-234
U-233,-234

Bk neatnat
4.4612

4.6643 PCIIG
3.1966 PCIIG
3.574 PCIIG
1.7105 PCIIG
2.3659 PCIG
172.9098 |PCHG
151.9866 |PCIIG
145.2979 |PCIIG
137.9899 {PCIIG
175.1638 |PCI/IG
90.1227 |PCIG
66.7147 |PCIG
55.0517 |PCI/G
51.0332 |PCIIG
60.4235 |PCIIG
75.9211  |PCI/G
40.8194 |PCIIG
23.1372  |PCIG
21.7524 |PCUG
15.5486 |PCIG
23.8498 |PCIG
8.4155 PCIIG
12.8235 |PCIG
684.6637 |PCIIG
1481.6998 |PCI/G
841.5062 |PCIUG
675.0613 |PCIIG
782.3574 |PCIIG
554.3172 |PCIIG
4356164 |PCIUG |
318.3239 |PCI/G
297.2583 |PCUG
376.36 PCIIG
525.3358 |PCIG
265.908 |PCIG
0.7917 PCIIG
0.7905 PCIIG
0.6254 PCIIG
0.5568 PCIIG
2.3662 PCIIG
0.8336 PCIIG
1.0197 PCIIG
.8624 PCI/G
1.184 PCIIG
1.1367 PCIIG

[ SN S SR S

0.3741
0.3659
0.3134
0.4259
0.2759
0.332
5.4249
5.5795
4.8513
5.5697
5.6641
4.0973
3.1482
2.8592
2.5161
3.1018
3.3548
2.413
0.8293
0.8192
1.2054
1.0835
0.7811
0.6603
12.2161
18.4008
15.1618
10.7885
13.1426
11.1808
862417
7.3486
7.2987
8.3559
9.415
6.7098
0.1928
0.184
0.1677
0.1997
0.6882
0.2129
1613
1556
2339
1879

2.69

0.99
12.16
2.74]
2.35
8.49
119
5.12
4.31
36.09
8.94

13.22|

1035 v o

7.13

22.44

0.00

0.26

2.13

0.70

0.16




Surface Soil Characterization Program
- Precision Results '

460|Duplicate |99A3372-002.007 |U-233,-234 |.8937 PCI/G |J |.1574 0.95
460|Real 99A3372-002.002 |U-233,-234 {1.1157 PCI/IG 1721
669|Duplicate {99A4878-006.001 |U-233,-234 |0.842 PCIG [J |0.3213 0.52
669|Real 99A4878-005.001 {U-233,-234 |0.6224 PCIG |J [0.2696
669|Duplicate |99A4878-008.001 |U-233,-234 {0.8276 PCI/G [J |0.3128 0.25
669|Real 99A4878-007.001 |U-233,-234 [0.9393 PCI/G [J 10.326
669|Duplicate {99A4878-004.001 |U-233,-234 |0.6928 PCI/G |J |0.4082 0.12
669|Real 99A4878-003.001 [U-233,-234 |0.7556 PCI/G |J 0.3191
30|Duplicate {99A5936-005.001 [U-235 0.08 PCI/G [J |0.0614 0.52
30|Real 99A5936-004.001 [U-235 0.0413 PCI/G {U [0.0433
30{Duplicate |[99A5936-007.001 |U-235 0.0434 PCI/G |U [0.0454 0.66
30|Real 99A5936-006.001 {U-235 0.1111 PCI/G {U [0.0926
30|Duplicate |99A5936-003.001 |U-235 0.1025 PCI/G |U |0.1417 0.07
30|Real 99A5936-002.001 {U-235 0.0907 PCI/G |J |0.0725 .
460|Duplicate [99A3372-002.008 |U-235 0883 PCI/G |J {.0489 0.23
460|Real 99A3372-002.004 {U-235 0729 PCI/G |J |.045 .
460|Duplicate [99A3372-002.009 |U-235 0837 PCI/G |J |.0618 0.36
460|Real 99A3372-002.006 |U-235 0566 PCI/G |J |.0418
460|Duplicate [99A3372-002.007 |U-235 0986 PCI/G |J |.0525 0.05
460|Real 99A3372-002.002 {U-235 0948 PCI/G |J [.0505
669|Duplicate [99A4878-006.001 |U-235 0.0524 PCI/G |U |0.0835 0.08|
669{Real 99A4878-005.001 |U-235 0.0457 PCI/G [U |0.0854
- 669|Duplicate |99A4878-008.001 [U-235 0.065 PCI/G |U |0.0993 0.84
669|Real 99A4878-007.001 |U-235 -0.0205 [PCI/G |U |0.0231
669|Duplicate {99A4878-004.001 |U-235 -0.0382 |PCI/G |U |0.0431 0.87
669|Real 99A4878-003.001 [U-235 0.0463 PCI/G |U |0.0865
30{Duplicate |99A5936-005.001 [U-238 0.9948 PCI/G [J ]0.2135 0.53
30{Real 99A5936-004.001 {U-238 1.1579 PCI/IG 0.2215 ,
30{Duplicate [9945936-007.001 |U-238 1.0056 PCI/G 0.212 0.05
- - - - - 30{Real. . |99A5936-006.001 |U-238  |1.024 PCI/G 0.2661
30|Duplicate [99A5936-003.001 |U-238 2.8263 PCIIG 0.751 = 2.57}
30|Real 99A5936-002.001 [U-238 0.823 PCI/G [J |0.211
460|Duplicate |99A3372-002.008 |U-238 2.5451 PCI/G .2547 1.71
460|Real 99A3372-002.004 |U-238 1.9538 PCI/G 2339
460|Duplicate |99A3372-002.009 (U-238 2.442 PCI/G .3347 0.50
460|Real 99A3372-002.006 [U-238  |2.661 IPCHG 2875
460|Duplicate |99A3372-002.007 [U-238 2.2426 PClG 2482 0.61
460|Real 99A3372-002.002 {U-238 2.4613 PCUG 2549
669|Duplicate |99A4878-006.001 |U-238 1.4272 PCIG 0.4037 0.78
669|Real 99A4878-005.001 [U-238 1.0122 PCIG 0.3429
669|Duplicate |99A4878-008.001 |U-238 1.3592 PCIG 0.3867 0.60
669|Real 99A4878-007.001 |U-238 1.0519 PCI/G 0.3389
669|Duplicate [99A4878-004.001 |U-238 1.1399 PCIIG 0.4882 0.02
669|Real 99A4878-003.001 |U-238 1.1541 PCIG 0.3669
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Subsurface Soil Characterization Program
Precision Results - Americium-241
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90198|Replicate 98A1496-001.014 [AM-241 | 3.93[PCI/G| [0.024 0.51 6.803
Real 98A1496-001.006 (AM-241 87|PCIIG | [1.09 12.2
90698 |Replicate 98A1055-003.036 [AM-241 |  590(PClG | [0.224 69.1 5.415
Real 98A1055-003.033 [AM-241 | 18BO|PCUG | [5.13 228
90798 |Replicate 98A1055-002.020 (AM-241 | 0.043|PCI/G {U {0.086 0.044 0.163
: Real 98A1055-002.019 [AM-241 | 0.053|PCI/G |4 |0.027 0.043
91298|Replicate 98A1055-001.011 {AM-241 | 0.32[PClG | [0.038 0.085 0.817
Real 98A1055-001.010 [AM-241 | 0.229|PCI/G |J |0.040 0.072
91598|Replicate 98A1296-001.010 [AM-241 | 13D10|PCUG | |94.6 1604 4.548
Real 98A1296-001.002 |AM-241 | 31670{PClIG | [51.5 3776
91698|Replicate 98A2017-001.012 [AM-241 | 4030[PClG | |25.6 546 0.132
: Real 98A2017-001.002 [AM-241 | 3930[PClG | [53.2 526 |
92498|Replicate 98A1502-001.010 [AM-241 | 16.7[PCUG | |0.904 3.38 5.443
Real 98A1502-001.002 [AM-241 | 59.5|PCI/G| 10.118 7.1
92698|Replicate 98A2022-001.010 [AM-241 | 0.311{PCI/G | [0.099 0.133 0.182
, Real 98A2022-001.004 {AM-241 | 0.345[PCI/G | |0.059 0.131
93098|Replicate 99A4353-005.001 [AM-241 | 0.181[PCI/G [J |0.115 0.120 0.819
, Real 99A4353-004.002 [AM-241 | 0.361|PCI/G| "|0.146"  |0.184
93698|Replicate 98A1289-001.010 [AM-241 | 76.8/PCIG | |19.8 23.8 2.805
Real 98A1289-001.004 |AM-241 | 9.95[PC/G | [0.084 1.31
94298|Replicate 99A4849-005.002 [AM-241 |  0.26|PCl/G |J 0.123 0.147 1.456
Real 99A4849-004.002 [AM-241 | 0.026|PCI/G |U |0.107 0.065
94598 |Replicate 98A5489-001.009 (AM-241 | 0.026|PCI/G |U [0.074 0.048 0.090
Real 98A5489-001.008 {AM-241 | 0.032|PCI/G |U |0.066 0.046
95298|Replicate 98A5494-001.009 |[AM-241 | 0.225|PCI/G |J |0.057 0.105 0.084
Real 98A5494-001.008 |AM-241 | 0.238|PCI/G |J |0.083 0.114
95798|Replicate 99A5832-005.002 [AM-241 | 0.031|PCI/G |U |0.123 0.075 0.777
" |Real 99A5832-004.002 |[AM-241 |  0.13|PCI/G |J 0.113 0.103
95998 |Replicate 99A7799-009.003 |AM-241 | 0.035|PCI/G |U |0.048 0.050 0.317
Real 99A7799-006.003 {AM-241 | 0.016|PCI/G |U |0.045 0.033
96298|Replicate 99A3210-004.009 |[AM-241 | 0.018[PCH/G |U |0.200 0.110 3.144
___ |Real _ |99A3210-004.008 [AM-241 1.8|PCI/G | [0.143 0.556 A
96798|Replicate |99A6650-006.003 {AM-241 |~ = ~0|PCUG |U |0.054 -~ - [0.000 - - . -|0841| _ _
Real 99A6650-005.003 |AM-241 | 0.053|PCl/G |J |0.048 0.063
97598|Replicate 99A7937-005.001 |AM-241 | 0.301|PCI/G (B [0.041 0152 - 0.558
Real 99A7937-004.002 |AM-241 | 0.194|PCl/G |J (0.041 0.117
97698|Replicate 99A8275-006.003 |AM-241 0|PCI/G |U |0.052 0.000 0.268
Real 99A8275-001.003 |AM-241 | 0.041|PCI/G |U |0.090 0.041
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Subsurface Soil Characterization Program

Precision Results - Plutonium-239/240
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AUnNitEHQIDETHIN

estil]

PU-239 ~ 206|PCI/G| |0.016
PU-239 711|PciiG | l6.49
PU-239 7320|PClG| |3.04
PU-239 10670{PCl/G | {1.91
PU-239 0.039|PCI/G |U |0.040
PU-239 0.01|PCI/G {U [0.051
PU-239 15/PciG| |0.034
PU-239 1.49|PCVG | |0.032
PU-239 70030({PCIIG | |37
PU-239 152260|PCi/G | [17.8
PU-239 373|lPcic| 425
PU-239 389|PCl/G | {50.4
PU-239 94 8|PCiG| (0.582
PU-239 474|PCl/G| |0.583
PU-239 0.464{PCI/G | |0.061
PU-239 1.22|PCIG | ]0.061
PU-239/240| 0.812|PCIG| [0.083
PU-239/240|  2.33|PCI/G (B |0.037
PU-239 a95|pciG | [15.3
PU-239 49.5|PcyG| |0.049
PU-239/240| 7.35|PCl/G| |0.034
PU-239/240 | 0.471|PCVG| [0.033
PU-239/240|  0.08|PCI/G |J |0.020
PU-239/240 | 0.081|PCVG |J {0.050
PU-239/240| 0.982|PCl/G| [0.037
PU-239/240| 1.31|PCVG| ]0.022
PU-239/240| 0.531|PCI/G| |0.060
PU-239/240 | 0.816|PCI/G | |0.082
PU-239/240 o{PCI/G {U |0.041
PU-239/240 | -0.019|PCI/G |u |0.102
PU-239/240 | 0.028|PCI/G |U |0.037
PU-239/240 | 163|PCl/G| [0.070
PU-239/240 | -0.007|PCI/G |U |0.079
PU-239/240 0{PCI/G {U |0.052
PU-239/240 | = 2.88|PciiG| |0.048
PU-239/240 | 0.913|PciiG| |0.085
PU-239/240 | 0.037|PCI/G |U |0.049
PU-239/240 | 0.068{PCI/G |J |0.054
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Subsurface Soil Characterization Program
Precision Results - Uranium-233/234
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Subsurface Soil Characterization Program

Precision Results - Uranium-235

IN[EVEnt Borey PAalyte IResule]

90198|Replicate 98A1496-001.014 |U-235 | 0.038
90198[Real 98A1496-001.006 |U-235 0.384
90698|Replicate 98A1055-003.036 |U-235 0.412
90698|Real 98A1055-003.033 [U-235 0.577
90798|Replicate 98A1055-002.020 |U-235 0.045
90798|Real 98A1055-002.019 |U-235 0.035
91298|Replicate 98A1055-001.011 |U-235 0.018
91298|Real 98A1055-001.010 {U-235 0.007
91598[Replicate 98A1296-001.010 [U-235 | -1.748
91598|Real 98A1296-001.002 {U-235 7.2
91698(Replicate 98A2017-001.012 |U-235 3.34
T 91698|Real  |98A2017-001.002 |U-235 | -0.913
92498|Replicate 98A1502-001.010 |U-235 0.438
92498|Real 98A1502-001.002 |U-235 0.092
92698|Replicate 98A2022-001.010 |U-235 0.008
92698|Real 98A2022-001.004 |U-235 0.022
93098|Replicate 99A4353-005.001 |U-235 0.072
93098|Real 99A4353-004.002 |U-235 0
93698|Replicate 98A1289-001.010 {U-235 - | 0.05
93698|Real 98A1289-001.004 |U-235 0.032
94298|Replicate 99A4849-005.002 |U-235 | 0.056
94298|Real 99A4849-004.002 |U-235 | 0.034
94598|Replicate 98A5489-001.009 |U-235 | 0.031
94598|Real ' 98A5489-001.008 |U-235 | 0.043
95298|Replicate 98A5494-001.009 |U-235 | "0.038
95298|Real 98A5494-001.008 |U-235 0.023
95798|Replicate 99A5832-005.002 |U-235 0.01
95798|Real 99A5832-004.002 |U-235 | 0.017
95998|Replicate 99A7799-009.003 |U-235 | 0.084
95998|Real 99A7799-006.003 |U-235 0.21
96298|Replicate 99A3210-004.009 {U-235 . | -0.007
96298|Real 99A3210-004.008 {U-235 | 0.113
“96798|Replicate .~ [99A6650-006.003 [U-235 | -0.007
96798|Real 99A6650-005.003 |U-235 0.055
97598|Replicate 99A7937-005.001 |U-235 0.081
97598|Real 99A7937-004.002 |U-235 0.077
97698|Replicate 99A8275-006.003 {U-235 0.114
97698|Real 99A8275-001.003 |U-235 0.122
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Subsurface Soil Characterization Project
Precision Results - Uranium-238

O HBIEl ESaMpISyPeliRINIEVER/ BBHIE (QiDEEIS I ISigmasEoR JDERY
90198[Replicate 98A1496-001.014 |U-238 0.828|PCI/G |J [0.025 0.137 1.471
90198|Real 98A1496-001.006 |U-238 1.9|PCIIG| [0.546 0.716
90698[Replicate 98A1055-003.036 |U-238 2.89|PCI/G |U |3.69 2.37 © 11.289
90698|Real 98A1055-003.033 |U-238 7.92{PCIIG| (2.42 3.1
90798|Replicate 98A1055-002.020 |U-238 0.689|PCl/G |J |0.020 0.102 1.024
90798/Real  ~  |98A1055-002.019 |U-238 0.851|PCI/G |J |0.016 0.121
91298|Replicate - |98A1055-001.011 |U-238 0.395|PCI/G |J {0.015 0.065 0.879
91298{Real ~77|98A1055-001.010 {U-238 0.319|PCI/G |J |0.020 0.057
91598|Replicate 98A1296-001.010 |U-238 90.9|PCciG| |26.9 35 1.571
91598|Real 98A1296-001.002 {U-238 28.2|PCIIG| [19.8 19.2 -

___91698|Replicate  |98A2017-001.012 |U-238 4.18|PCIG |U 319, 128 . 0.172
91698|Real 98A2017-001.002 |U-238 0.913{PCI/G |U [32.7 14.0
92498|Replicate  |98A1502-001.010 |U-238 1.31|PCIG | [0.501 0.68 0.293
92498|Real "198A1502-001.002 |U-238 1.1{PCIIG| [0.056 0.229
92698|Replicate 98A2022-001.010 |U-238 0.658|PCI/G |J |0.064 0.175 0.628
92698|Real "198A2022-001.004 |U-238 0.516|PCI/G |J |0.059 0.143
93098{Replicate 99A4353-005.001 |U-238 0.592|PClIG |J |0.061 0.217 0.163
93098[Real 99A4353-004.002 |U-238 0.645|PCI/G |J {0.072 0.242
93698|Replicate 98A1289-001.010 |U-238 162|PciiG| |0.030 0.246 2.922
93698|Real 98A1289-001.004 |U-238 0.764|PCIIG |J |0.044 0.159
94298|Replicate 99A4849-005.002 |U-238 0.739{PCI/G |J {0.061 0.253 0.093
94298|Real 99A4849-004.002 |U-238 0.773|PcIIG |J |0.073 0.263 : .
94598|Replicate 98A5489-001.009 |U-238 0.659|PCl/G |J |0.035 0.193 0.506
94598|Real 98A5489-001.008 |U-238 0.813|PCl/G |J {0.019 0.235
95298|Replicate 98A5494-001.009 |U-238 0.733|PCI/G |J |0.018 0.214 0.495
95298|Real 98A5494-001.008 |U-238 0.595|PCI/G |J |0.030 0.179
95798|Replicate 99A5832-005.002 |U-238 0.66|PCl/G |J |0.066 0.240 0.373
95798|Real 99A5832-004.002 |U-238 0.792|PCI/G |J [0.067 0.260
95998|Replicate 99A7799-009.003 |U-238 0.854|PCI/G |J |0.096 0.308 - 10.463
95998|Real 99A7799-006.003 [U-238 | 1.08|PCI/G| {0.094 0.379
96298|Replicate 99A3210-004.009 |U-238 0.353|PCI/G |J (0.084 0.161 1.902
'96298|Real 99A3210-004.008 |U-238 1.06|PCl/G [B [0.038 0.335

=7 | " 96798|Replicate ~|99A6650-006.003 1U-238" | 0.798|PClIG |J {0:069 - {0278 ~—10.795) —— -
96798|Real 99A6650-005.003 |U-238 | 0.52|PCl/G {J |0.083 0.212
97598|Replicate ~ [99A7937-005.001 |U-238 0.828|PciG |J |0.042 0.292. 0.147
97598|Real 99A7937-004.002 |U-238 0.89|PCI/G |J |0.074 0.306
97698|Replicate 99A8275-006.003 [U-238 0.472|PCl/G |J |0.088 0.216 0.092
97608|Real 99A8275-001.003 |U-238 0.5|PciG |J [0.078 0.213
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Subsurface Soil Characterization Program
Precision Results - Relative Percent Difference - VOCs

p5)

Nnta: Proiart enacificr COCe Anhy

Borehole’|Sample Type::|RIN/Event/BottléZ[Analyte Result] Unit |Q|" %RPD: .

92598 Dup 98A1092-001.037 |{Carbon Tetrachloride 740UG/KG |U 2.7

92598 Real 98A1092-001.036 |Carbon Tetrachloride 720|UG/KG U

95998 Dup 99A7799-009.002 [Carbon Tetrachloride 6.1{UG/KG (U 3.2

95998 Real 99A7799-006.002 {Carbon Tetrachloride " 6.3|JUG/KG {U

96298 Dup 99A3210-004.015 [Carbon Tetrachloride 700jUG/KG |U 4.4

96298 Real 99A3210-004.014 [Carbon Tetrachloride 670|UG/KG [U

96798 Dup 99A6650-006.002 {Carbon Tetrachloride 0.81JUG/KG |J 147

96798 Real 99A6650-005.002 [Carbon Tetrachloride " 5.3|UGKG |J

97698 Dup 99A8275-006.002 {Carbon Tetrachloride 5.4|UG/KG |U 1.9

97698 Real 99A8275-001.002 [Carbon Tetrachloride 5.3|UG/KG |U

97698 Dup 99A8275-006.002 {1,2-Cis-Dichloroethylene 5.4JUG/KG |U 1.9

97698 Real 99A8275-001.002 |1,2-Cis-Dichloroethylene 5.3|UG/KG |U

96798 Dup 99A6650-006.002 {1,2-Cis-Dichloroethylene 6.8|UG/KG |U 747

96798 Real 99A6650-005.002 |1,2-Cis-Dichloroethylene 14.9|UG/KG

96298  {Dup 99A3210-004.015 |1,2-Cis-Dichloroethylene 700|]UG/KG |U 4.4

96298 Real 99A3210-004.014 |1,2-Cis-Dichloroethylene 670|UG/KG |U

95998 Dup 99A7799-009.002 |1,2-Cis-Dichloroethylene 6.1|JUG/KG [U 171.5

95998 Real 99A7799-006.002 {1,2-Cis-Dichloroethylene 79.5|UG/KG

92598 Dup 98A1092-001.037 {1,2-Cis-Dichloroethylene 740|UG/KG |U 2.7

92598 Real 98A1092-001.036 |1,2-Cis-Dichloroethylene 720|UG/KG (U

97698 Dup 99A8275-006.002 | Tetrachloroethene 5.4lUG/KG |U 1.9

97698 Real 99AB275-001.002 | Tetrachloroethene 5.3|UG/KG [U

96798 Dup 99A6650-006.002 |Tetrachloroethene - 7.8|UG/KG 161

96798 Real 99A6650-005.002 | Tetrachloroethene - 72.2|UG/KG

96298 Dup 99A3210-004.015 |Tetrachloroethene - 700iUG/KG (U 44

96298 Real 99A3210-004.014 jTetrachloroethene 670|UG/KG |U

95998 Dup . 99A7799-009.002 | Tetrachloroethene 6.1|UG/KG |U 193

95998 Real 99A7799-006.002 | Tetrachloroethene 343|UG/KG |E

92598 Dup 98A1092-001.037 |Tetrachloroethene 7401UG/KG (U 2.7

92598 Real 98A1092-001.036 | Tetrachloroethene 720|UG/KG (U

97698 Dup . 99A8275-006.002 | Trichloroethene 5.4|UG/KG |U 1.9

97698 Real 99A8275-001.002 | Trichloroethene 5.3|UG/KG (U

96798 Dup 99A6650-006.002 | Trichloroethene 0.85|UG/KG [J |- 179.9

96798 Real " 199A6650-005.002 |Trichloroethene 16.1JUG/KG - -
(96298 Dup 99A3210-004.015 [Trichloroethene 700|UG/KG [U 4.4

96298 Real 99A3210-004.014 |Trichloroethene 670|UG/KG |U

95998 Dup 99A7799-009.002 | Trichloroethene 6.1|UG/KG (U 71.6

95998 Real 99A7799-006.002 |Trichloroethene 12.91UG/KG

92598 Dup 98A1092-001.037 | Trichloroethene 7401UG/KG |U 2.7

92598 Real 98A1092-001.036 |Trichloroethene 720{UG/KG |U
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‘903 Pad In-Situ Models and Uncertainties
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903 PAD IN SITUMODELS AND UNCERTAINTIES

In Situ Models

The Canberra in situ systems used to perform measurements at the RFETS 903 Pad
project site employ the Canberra In Situ Object Counting System (ISOCS) software. This
software package allows the user to calculate efficiencies for in situ quantification of
defined objects using standard templates. One such template has been used to define the
in situ measurement of contaminants in soils at the 903 Pad locations. This template
requires the entry of various parameters which should accurately represent the actual
conditions at the project site. :

* The template selected for this application is the circular plane source . This template

requires the user to define a horizontal source size, a vertical source size, material
composition and material density. In addition, the software uses detector specific physical
parameters and user definable environmental parameters such as humidity, pressure and
temperature. Each of these parameters has been defined in the model to represent actual
conditions at 903 Pad, using existing knowledge of the site and project defined
parameters. These parameter values, and the basis for selection, are described below.

Use of inappropriate values could lead to errors in in situ measurements. The model used
for routine measurements contains the values most representative of actual conditions,
however it is possible that actual measurement locations may vary from these assumed
default conditions. Since it is not possible to verify all parameter values at each
measurement location, default values will be used except where it is known that
conditions vary significantly. An evaluation of the potential errors associated with

~ deviation from default parameters has been performed and forms the basis of the total
propagated measurement uncertainty (TMU) used when'reporting in situ measurement-—- - .- -

results. These are also described below:. -
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903 Pad Project ISOCS Model

Horizontal Distribution (Field of View)

As indicated above, the model selected for the 903 Pad Project (and normally used for
any in situ soil assays) is the circular plane geometry. The circular plane is appropriate
since the detector typically views a circular area which is defined by detector height
above ground and the collimator employed, if any, to restrict the field of view (FOV). For
this project, the field of view was defined in the Statement of Work as a 12 m diameter

L FOV. However, calculations performed using ISOCS showed that an “infinite field of

view” for Am-241 is about 10 meters. This is due to the low energy Am-241 photon ( 59
keV) which is attenuated by soil,-and even air, such that there is little contribution to the
detector measurement at distances beyond S meters from the detector. Therefore, all
efficiencies assumed a FOV of 10 meters diateter. In addition, the collimator used, 5 cm
with a 180 degree collimation, effectivély limits the FOV to 10 meters at a height of one
meter.

Vertical Distribution _

The distribution of contaminants vertically will impact the efficiency used. For naturally
occurring radionuclides, the distribution is basically uniform throughout the top 20-30 cm
of soil. However, man-made contamination will usually have a different djstribution,
depending on the mode of deposition. At 903 Pad locations, contamination was deposited
via airborne and/or surface water releases. This results in a distribution which will tend to
have higher concentrations near the surface and detreasing concentrations with depth.,
which may follow an exponential function, Surface soil sampling has been performed in
the 903 Pad areas to determine the vertical distributions. In general, the activities are
concentrated in the top 5 cm, which may contain 60-80% of the total contamination. The
sampling was generally performed in 2 or 3 cm layers, therefore the distribution in the
top 5 cm layer can only be subdivided into two layers, one for the top 3 cm and a second
for the next 2 (or 3) cm. Based on available data, the ISOCS model assumes all
contamination is contained in the top 5 cm, and it is distributed with 66% in the top 3 cm
and 33% in the next 2 cm. This distribution is used to be consistent with the soil sampling
protocol, which calls for sampling to a depth of two inches. In addition, the contribution
from Am-241 below a depth of 5 cm in soil is quite small. This distribution, however,
will skew results for naturally occurring radionuclides due to the different distributions.

‘Soil Composition

The chemical composition of the soils, including moisture content, will impact efficiency

~determinations. A number of soil samples from the 903 Pad locations have been analyzed

and reported for chemical composition. The [ISOCS software contains several soil models
with varying elemental content. Based on the available data; a soil composition
containing measurable amounts of metals, including Fe, and a small amount of H20 (low
moisture content) was selected as most representative of RFETS soils. This soil model is
termed “dry dirt” and has a composition of: 490, 27Si, 4Fe, 1.6Mg, 4Ca, 7Al, 0.8Na.




pGle

Soil Density _

The available soil density data from 903 Pad locations shows densities ranging from 1.0
to 1.3 g/cc. In Situ soil densities are typically on the order of 1.6 g/cc, but it is believed
that, due to the lower moisture content of RFETS soils, this value may be too high. The
ISOCS. model uses a value of 1.3 g/cc as a mean value for 903 Pad soils.

Uniformity

The uniformity, or non-uniformity, of contamination, both vertically and horizontally,
will impact measurement results. Based on the mode of contamination deposition and on
prior survey results ( including in situ surveys), it is believed that the contamination is
relatively uniform within the field of view in the ISOCS systems. This is a reasonable
assumption since the in situ measurements integrate the readings over nearly 80 sq m

-areas. Thus, any individual “hot spots™ are averaged over the entire area, or volume, and

their impacts are minimized. The ISOCS model is based on uniform distributions.

Environmental Conditions

Environmental temperature, humidity and pressure may impact some measurements. The
ISOCS models assume standard environmental conditions; i.e. 20 C, 50 % relative
humidity and 760 mm barometric pressure. Normal barometric pressure at RFETS is less,
but the impact is negligible, as shown below.

Detector Parameters

An ISOCS efficiency for each detector has been generated, using the specific detector
characteristics, which tend to remain constant for long periods of time. The parameter of
concern is the detector surface dead layer, which, if it increases could effect detection of
low energy photons. This can be monitored by routine check source counts using a source
with a low energy photon, such as Am-241. There have been no changes to these
parameters over the course of the 903 Pad Project.

The ISOCS template used for the 903 Pad ISOCS efficiency is attached.




[SOCS Model Uncertain‘ties.

As described above, the default ISOCS models are based on assumed mean values for the
given set of model parameters. It is recognized that the actual conditions may vary and
that 1t 1s not possible to characterize each measurement location to use location specific
values. Therefore, Canberra has attempted to bound the likely range of parameter values
based on existing data, evaluate the potential errors of using mean values when compared
to the likely ranges, then assign an error to each parameter and propagate a total
measurement uncertainty (TMU). Each parameter has been evaluated, as shown below,
and a maximum error estimated for the mean value, based on the likely range of values
for a given parameter. The impact of a deviation from the mean value was assessed by .
entering that value into an ISOCS efficiency, then analyzing a standard count and
comparing the Am-241] result to that obtained with the mean value. Each parameter was
evaluated independently. The variation from the mean value was considered to be the
maximum deviation and equivalent to a 3 sigma boundary.

Horizontal Distribution (Field of View)

The field of view is limited by the 180 degree collimator and the range of Am-241
photons in soil. It is assumed that the horizontal distribution is uniform. There are no
likely maximum or minimum ranges for this parameter and no error estimate is provided.

Vertical Distribution -

The model distribution was estimated from soil sampling data but is rather coarse. It is
possible that the actual distributions in the top 5 cm may be more concentrated near the
surface or more uniformly distributed throughout the 5 cm layer. A set of efficiencies
with different vertical distributions were prepared and the standard acquisition analyzed.

Results:
Default 2 layer 0-3 cm 66%, 3-5 cm 33% Am-241 =122 pCi/g
Single layer, 0-5 cm uniform Am-241 =143 pCi/g
3 layers, 0-1.5cm 50%, 1.5-3 cm 30%, 3-5 cm 20% Am-241=11.6 pCi/g
3 layers, default with 1cm grass cover ' Am-241 =13.2 pCi/g

2 layer with 0-3 cm 60%, 3-5 cm 40% Am-241 =122 pCilg
The overall impact of a likely range of possible distributions is about +/- 10 %.
Soil Composition
Soil compositions were varied from dirt with little heavy metal component (Dirt 2) to

soils with a significant composition of metals (Dirt 4)

Results:




Default soil; Dry Dirt (490, 27Si, 4Fe, 1.6Mg, 4Ca, 2.7K, 7Al) Am-241 =12.2 pCi/g
Dirt 2 (550, 3181, 3Fe, 7Al) . Am-241 =11.6 pCi/g
Dirt 4 (450, 25S1, 12Fe, 2.5Mg, 4.1Ca, 2Mn, 8.3Al, 0.7Ti) Am-24]1 =154 pCi/g

The overall impact of a likely range of compositions is about +/- 25%

Soil Density
Soil densiues were varied from the minimum of 1.0 to a maximum of 1,6 g/cc.

Results
Default density 1.3 g/cc Am-241 =122 pCi/g
Density 1.6 g/cc - Am-241=12.0 pCi/g

Density 1.0 g/cc Am-241 =13.8 pCi/g

- The overall impact of density changes is about +/- 10 %-

Environmental Conditions

The default temperature and relative humidity are close to the ranges at RFETS but the
default pressure is 20 % higher than normal barometric pressure at this altitude. However,
changing the parameters to the RFETS values had noimpact (same Am-241 results).

Detector Parameters

Detector characteristics have been shown to be unchanged since factory calibration by
venifying response by counting a standard reference material and obtaining the correct
result. There 1s no error assigned to this. -




Propagation of Uncertainties.

All significant sources of error should be included in an assessment of total measurement
uncertainty (TMU). The model uncertainties described above for vertical distribution, soil
composition, soil density, etc. should be considered random errors and are propagated in
quadrature. These are then added to the systematic uncertainty defined below.

Random error components, and the magnitude of the estimated 3 sigma range, excluding
counting statistics, are shown as:

Horizontal distribution negligible
Vertical distribution +/-10 %
Soil Composition +/-25%
Soil Density +/-10%
Environmental conditions negligible

These are propagated as Total Random Error = ( 10*2+25*2+10*2)1/2

= 290/0

The systematic error is primarily a calibration uncertainty and is estimated to be +/- 5%.

* The Total Measurement Uncertainty (excluding counting statistics) is = 29% + 5% = 34%

at the 3 sigma level.

Due to reporting requirements, this error is entered into the software as the systematic
error, which 1s then added to the counting error to arnve at a TMU. This method may
overestimate the total error slightly (the correct method would be to propagate the
counting error with the other random uncertainties, then add the systematic error) but is
necessary so that the software can report individual values.for the counting error and the
T™U. '

Typical TMU values for detected Am-241 in natural background locations may range
from as high as 70% for low levels (e.g. <10 pCi/g) to 40% for high levels.
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Data Quality Objectives for Measurement Data

Daa Quality Objectives (DQOs) are qualitative and quantitative statements that describe
the in situ characterization technical and quality objectives, define the appropriate type of
data and specify acceptable levels of decision errors used to establish the quality of data.
These data are used to assist RMRS in developing remedial action or management actions
for the affected areas. For 903 Pad in situ measurements, the DQO is:

e To classify surface soils as exceeding Tier I soil action levels. This objective is met
by measuring soil concentrations of Am-241, U-235 and U-238. Concentrations of Pu
and other U 1sotopes are derived from these measurements. In order to provide
sufficient margin for detection of Tier | levels, detection limits for the three nuclides
measurable by in situ methods have been set at; 1 pCi/g Am-241, 0.5 pCi/g U-235
and 5.0 pCi/g U-238.

Data Quality Objectives used to validate all data generated by in situ measurements
include the following: precision, accuracy, sensitivity, completeness, comparability and
total uncertainty. For the 903 Pad Project, these are defined as follows:

Precision A quantitative measure of the reproducibility or degree of agreement
among replicate or duplicate measurements of a paraméter. For the 903 Pad Project,
 precision shall be demonstrated by pe(foi*ming duplicate counts of specified soil
-locations on a frequency not to exceed once per 20 measurement locations. The
reproducibility shall be calculate using accepted methods for evaluation of duplicate
counting.

e . Accuracy The degree of agreement between measured concentration values and the
true or known values. For in situ measurements, true values are difficult to establish
and may be estimated from alternate assay methods. For this project. In situ results
will be compared to laboratory analyses of discrete soil samples. Comparable
measurements at the action levels are expected to-agree within +/- 50%. Evaluation of

~ “accuracy will be performed by RMRS-and-Canberra technical representativves— - -~ — —— .. —.

Sensitivity Sensitivity limits are defined as that level of radioactivity which, if
present, will yield a measured value less than the critical limit with 5% probability.
The critical limit is defined as that value which measurements of background will
exceed with a 5% probability. Sensitivity limits for three detectable radionuclides are
specified above. o

Completeness A quantitative measure expressed as a percentage of valid or
acceptable data obtained from a measurement system. A goal of 90% has been set for
this project.

-]




-accuracy.

Comparability A qualitative mcasure of the confidence with which a set of data from
one assay system can be compared Lo another from a second system. See the DQO for

Total Uncertainty This includes both random and systematic uncertainties and are
propogated to arrive at a total uncertainty at the 95% confidence level. Random
uncertainties include counting errors and uncertainties related to non-uniform
distribution of contamination. Systematic errors include calibration and positioning.
Uncertainties will be obtained from measurements or estimated by in sirv technical
specialists.
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Appendix D. Summary Statistics

HPGe Data
HPGe Prtedicted Data
95% UCL 95% UCL Best Fit BestFit
i HPGe Predicted Predicted Predicted | Predicted
”235U 238U 241Am . 241Am1 239/240Pu2 241Am3 239/240Pu4
Descriptive Statistic (pCilg) | (pCilg) | (pCilg) (pCilg) (pCilg) (pCilg) (pCilg)
Mean 0.24 4.46 12.60 28.43 201.20 20.19 105.05
Geometric Mean :0.00 #NUMI #NUMI #NUM! #NUMI #NUM! #NUM!
Standard Error 1.37E-03 0.02 0.38 0.45 3.00 0.48 3.07
Median {0.23 4.37 9.62 24.80 176.67 16.46 80.94
Mode , .0.23 3.63 0.90 15.46 118.91 5.56 10.55
Standard Deviation ;‘50.05 0.67 12.67 15.02 100.11 15.85 102.38
Sample Variance 2.‘Q7E-03 0.45 160.54 225.69 10021.87 251.25 10481.30
Kurtosis ,4.18 10.50 13.05 18.39 22.63 13.05 13.05
Skewness -0.12 1.10 2.84 3.36 3.74 2.84 2.84
Coefficient of Variation 0.9 0.15 1.01 0.53 0.50 0.78 0.97
Range 11‘0.51 10.04 1156.36 150.48 1060.92 144.31 @32.10
Minimum f0.07 1.31 0.38 14.91 1156.55 .49 6.32
Maximum -0.58 11.35  115.74 165.39 1176.47 149.22 938.42
Sum féb] 72 4946.04 1398589  31555.57 223330.46 22414.09  116602.40
Count G]HO 1110 1110 1110 1110 1110 1110
Confidence Level (95.0%) 2.68E-03 0.04 0.75 0.88 5.89 0.93 6.02
Number of Detections Above Tier | 0 0 0 0 .0 0 0
Number of Detections Above Tier Il 0 0 48 162 183 82

0

' Predicted *' Am Based on Regression Equo’rioh: 2 gm = 0.0022** ' Am? +1.049%" 4m + 14,505‘

? predicted 27 py Bosed on Regression Equation: L239/24°Pu =0.0243*'"4Am* +6.3749* 4m +113.1 ZI .
3 predicted ?*'Am Based on Regression Equation:

* predicted 2%?% py Based on Regression Equ&?ion: Im 120 py

241
Am

=1.251 **" ' Am + 4 .43

= 8.08 ** 4m + 3.24 |




Appendix D. Summary Statistics
Borehole Radiological Data-903 Pad and Lip Area

Asphalt
0723312347 U235 U238 Pu2397240 Am241
Descriptive Statistic {pCilg) (pCilg) {pCilg) {pCi/g) (pCilg)
Mean 0.81 0.05 0.75 0.16 0.07
Geometric Mean 0.80 0.04 0.74 #N/A 0.04
Standard Error 0.05 0.01 0.04 0.13 0.03
Median 0.78 0.04 0.75 0.03 0.04
'Mode #N/A #N/A #N/A #N/A #N/A
Standard Deviation 0.15 0.03 0.13 0.40 0.10
Sample Variance 0.02 0.00 0.02 0.16 0.01
Kurtosis 1.70 7.01 -1.60 8.85 8.28 -
Skewness 1.22 2.46 -0.08 2.97 2.84
Coefficient of Variation 0.19 072 . 0.17 2.42 1.46
Range 047 0.12 0.32 122 0.33
Minimum 0.66 0.01 . 060 0.00 0.02
Maximum 1.13 0.13 - 0.92 1.22 0.34
Sum 7.27 .0.42 6.74 1.48 063
Count 9 9 9 9 9
Confidence Level (90.0%) 0.08 0.02 0.07 0.22 0.06
Bedrock :
U2337Z33 1 U235 U238 PuZ397240 Am241
Descriptive Statistic (pCi/g) (pCilg) (pCi/g) (pCilg) (pCilg)
Mean 0.49 0.04 0.62 0.09 0.04
Geometric Mean 0.45 NIA 0.58 0.05 N/A
Standard Error 0.06 0.01 0.06 0.03 0.02
Median 0.43 0.05 0.69 0.04 0.03
Mode #N/A #N/A #N/A 0.01 0.01
~tStandard Deviation 0.19 0.03 0.19 0.11 - 0.06
Sample Variance 0.04 0.00 0.04 0.01 0.00
- = o w__{Kurtosis_ _ _ o ~1.08 -0.02 0.13 1.89 3.71
Skewness 086 050  -096 =~ 169 15T
Coefficient of Variation 0.39 0.81 0.31 1.26 1.54
Range 0.72 0.12 0.63 0.35 0.26
Minimum 0.19 -0.01 0.22 0.01 -0.05
Maximum 0.90 0.11 0.84 0.36 0.21
Sum 583" 0.51 7.43 1.07 0.50
Count 12 12 12 12 12
Confidence Level (95.0%) 0.11 0.02 0.11 0.06 0.04
Number of Detections Above Tier | 0 0 0 0 0
Number of Detections Above Tier |l 0 0 0 0 0

il




Appendix D. Summary Statistics
Borehole Radiological Data-903 Pad and Lip Area

Fill
UZ3312347 U235 \ U238 PuZ338/240 Am2Z41
Descriptive Statistic (pCilg) | (pCilg) | (pCilg) (pCilg) (pCilg)
Mean 1.06 0.09 1.15 53.75 12.01
Geometric Mean 1.02 0.06 1.00 5.78 1.18
Standard Error 0.11 0.04 0.18 45.95 10.38
Median 0.98 0.06 1.13 4.48 0.85
Mode 0.84 0.07 1.24 #N/A #N/A
Standard Deviation 0.38 0.13 0.61 159.19 35.97
Sample Variance 0.14 0.02 0.37 25340.90 1294 .08
Kurtosis 4.79 11.19 553 11.88 11.90
Skewness 1.51 3.30 1.72 3.44 3.44
Coefficient of Variation 0.36 1.43 0.53 2.96 2.99
Range 1.61 0.49 2,60 557.99 125.98
Minimum 0.41 0.00 0.17 0.01 0.02
Maximum 2.02 0.49 2.77 558.00 126.00
Sum 12.25 1.00 13.33 642.14 143.51
Count 12 12 12 12 12
Confidence Level {80.0%) 0.18 0.06 0.29 75.59 17.08
Number of Detections Above Tier | 0 0 0 0 0
Number of Detections Above Tier |l 0 0 0 1 1
Native
' UZ33/234T U235 U238 Pu2397240 Amz41
Descriptive Statistic {pCil/q) (pCilg) (pCilg) {pCilg) (pCilg)
Mean 0.51 0.04 063 - 0.27 0.11
Geometric Mean 0.49 N/A 0.60 N/A N/A
‘|Standard Error 0.02 0.01 0.02 0.06 0.03
Median 0.48 0.03 0.59. 0.05 0.04
- {Mode- ~ - - - oo . o 058 __ _ 002_ _ 066 ~ 0.01 0.00
Standard Deviation 0.16 0.05 0.21 053 025 T
Sample Variance 0.02 0.00 0.04 0.28 0.06
Kurtosis 13.79 2.25 4.58 9.25 31.76
Skewness 2.74 1.65 1.72 \ 294 520
Coefficient of Variation 0.31 1.10 0.33 2.00 2.32
Range 1.12 0.22 1.16 2.86 1.81
Minimum 0.28 -0.01 0.30 -0.02 -0.01
Maximum 1.40 0.21 1.46 2.84 1.80
Sum 36.37 3.18 45.03 19.18 7.70
Count 72 72 72 72 72
Confidence Level (95.0%) 0.04 0.01 0.05 0.12 0.06
Number of Detections Above Tier | 0 0 0 0 0
Number of Detections Above Tier It 0 0 0 0 0




Appendix D. Summary Statistics
Borehole Radiological Data-903 Pad and Lip Area

Native 1
U2337234 U235 U238 Pu2l3drz4 AmZal
Descriptive Statistic {pCil/g) (pCilg) (pCilg) (pCilg) (pCilg)
/
Mean 5.31 0.60 16.83 3595.75 77568
Geometric Mean 1.43 N/A 1.99 146.69 30.48
Standard Error 2.91 0.30 12.58 2462 .86 514.23
Median 0.99 0.06 1.32 152.00 34.80
Mode 1.14 0.04 1.54 #N/A #N/A
Standard Deviation 22.90 2.38 93.08 19392.56 4049.07
Sample Variance 524.52 565 9817.55 376071264.13 16394945.59
Kurtosis 55.37 38.00 60.51 59.32 58.16
Skewness 7.30 587 7.74 7.63 7.53
Coefficient of Variation 4.31 3.94 5.89 - 5.38 522
Range 177.58 17.81 779.51 152259.18 31669.85
Minimum 0.42 -0.91 0.49 0.82 0.15
Maximum 178.00 16.90 780.00 152260.00 31670.00
Sum 329.51 37.38 1043.61 222936.51 48092.47
Count 62 62 62 62 62
Confidence Level (95.0%) 5.70 0.58 24.66 4827.10 1007.87
Number of Detections Above Tier 0 0 1 9 12
Number of Detections Above Tier || 0 0 ' 27 27
Native 2 .
U2337234 U235 U238 Pu239/240 AmZ41
Descriptive Statistic (pCilg) | (pCilg) | (pCilg) (pCilg) (pCilg)
Mean 1.00 0.16 1.50 122.11 25.23
Geometric Mean 0.76 N/A 0.98 8.65 1.79
“|Standard Esror 0.18 0.11 0.29 41.76 8.40
Median 0.73 0.04 0.88 7.62 1.50
Mode - - - oo . 163 002 0.40 #N/A #N/A
Standard Deviation 142 083 2327 77 32885 7 - 7012 -
Sample Variance 2.00 0.69 539 108142 .37 4916.12
Kurtosis 49.56 61.25 24.30 15.58 16.02
Skewness 6.73 7.80 4.59 3.81 3.82
Coefficient of Variation 1.41 5.08 1.55 2.69 2.78
Range 11.36 6.58 15.40 1819.87 405.97
Minimum 0.04 -0.01 0.30 0.14 0.03
Maximum 11.40 6.57 15.70 1820.00 406.00
Surmn 62.21 10.12 92.74 7571.08 1564.40
Count 62 62 62 62 62
Confidence Level (95.0%) 0.35 0.21 0.58 81.86 17.45
Number of Detections Above Tier | 0 0 0 2 2
Number of Detections Above Tier | 0 0 0 7 8
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Native 3
U2337/234 U235 UZ338 Pu239/240 Aml41
Descriptive Statistic {(pCi/g) (pCilg) (pCilg) (pCi/g) {pCilg)
Mean 0.70 0.05 0.96 16.24 3.14
Geometric Mean 0.59 N/A 0.71 1.33 N/A
Standard Error . 0.06 0.01 0.16 5.09 1.07
Median 0.61 0.03 0.64 0.94 0.23
Mode 0.38 ( 0.02 0.57 0.06 0.25
Standard Deviation . 0.44 0.06 1.23 40.12 8.46
Sample Variance 0.19 0.00 1.52 1609.25 71.49
Kurtosis 14.59 16.55 32.01 20.03 23.95
‘|Skewness 3.03 3.70. 522 4.19 4.60
Coefficient of Variation 063 1.23 1.28 2.47 2.69
Range 3.11 0.37 9.00 246.99 54 .41
Minimum 0.01 -0.01 0.10 0.01 -0.01
Maximum 3.12 0.36 9.10 247.00 54 .40
Sum 43.32 2.92 59.60 1007.14 194.71
Count 62 62 62 62 62
Confidence Leve! (95.0%) 0.1 0.01 0.31 9.99 2.10
Number of Detections Above Tier | - 0 0 0 0 0
Number of Detections Above Tier i 0 0 0 0 1
Native 4
U2337234 U235 U238 Pu239/240 AmZ41
Descriptive Statistic (pCilg) (pCilg) (pCilg) (pCilg) (pCi/g)
Mean 0.58 0.03 0.64 4.97 0.90
|Geometric Mean 0.54 N/A 0.59 N/A N/A
Standard Error 0.03 0.00 0.04 1.40 0.23
o - Median- -— . - ... . _ 055_ . 003 _ _ 059 _ 080 0.23
Mode : 0.76 0.01 0.63 © 3450 0 045 T e
Standard Deviation 0.21 0.02 0.29 10.63 1.72
Sample Variance 0.04 0.00 0.08 112.97 2.95
Kurtosis ’ 1.50 2.86 6.66 9.49 6.52
Skewness 1.03 0.19 1.96 3.04 2.67
Coefficient of Variation 0.36 0.74 0.45 214 1.92
Range 1.05 0.15 1.78 54.00 7.68
Minimum 0.27 -0.05 0.19 0.00 -0.05
Maximum 1.32 0.10 1.97 54.00 7.63
Sum 33.44 1.79 37.07 288.35 51.98
Count 58 58 58 58 58
Confidence Level (95.0%) 0.05 0.01 0.07 2.74 0.44
Number of Detections Above Tier | 0 0 0 0 0
Number of Detections Above Tier || 0 o - 0 0 1

N/A Not Applicable

o
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VOC Borehole Data

\ Bedrock
;. Carbon Cis-1,2- Methylene
Tetrachloride | Tetrachloroethene Trichloroethene Chloroform Dichloroethene Chloride
Descriptive Statistic | {rg/Kg) (Ha/Kg) (ng/Kg) (ng/Kg) (Hg/Kg) (ng/Kg)
Mean 428.37 458.71 428.85 427.25 698.57 493.06
Geomeltric Mean 71.75 87.43 73.06 . 45.48 697.70 58.10
Standard Error , 117.96 122 .44 117.83 118.24 13.88 151.12
Median | 620.00 660.00 620.00 620.00 700.00 390.00
Mode i 700.00 700.00 700.00 700.00 700.00 700.00
Standard Dewviation ‘ 456.84 458.13 456.36 457 .95 36.71 585.27
Sample Variance .208701.85 209885.96 208265.48 20971519 1347 .62 342541.03
Kurtosis 0.23 0.20 0.23 0.21 4.75 -0.20
Skewness 0.73 0.63 0.73 0.72 -2.05 0.96
Coefficient of Variation 1.07 1.00 1.06 1.07 0.05 1.19
Range 1437.70 1498.40 1499.11 1499.40 110.00 1699.17
Minimum . 2.30 1.60 0.89 0.60 620.00 0.83
Maximum ¢ 1500.00 1500.00 1500.00 1500.00 730.00 1700.00
Sum ! 6425.50 6421.90 6432.79 6408.79 4890.00 7395.93
Count L 15 14 15 15 7 15
Confidence Leve! (95.0%) . 23119 239.98 230.95 231.75 27.19 296.18
Number of Detections Above Current Tier | 0 0 0 0 0 0
Number of Samples at 10% of Current Tier | 1 1 1 0 0 6
Number of Detections Above Proposed Tier-| 0 0 0 0 0 6
Number of Detections Above Proposed Tier |l 8 8 8 8 7 9
Number of Non Detections 13 12 13 10 7 7
Number of Detections 2 2 2 5 0 8
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VOC Borehole Data

‘ Native

“Carbon Cis-1,42- “Viethylene
- Tetrachloride | Tetrachloroethene Trichloroethene Chloroform Dichloroethene Chloride
Descriptive Statistic ' (ug/Kg) (ng/Ka) (na/Kg) (na/Kg) (ng/Kg) (ng/Kg)
{Mean i+ 351.59 438.75 344.72 351.36 838.40 385.12
Geomelric Mean ' 47.84 51.01 47.91 40.84 74211 . 36.97
Standard Error ' ! 50.73 94.02 50.33- 50.76 148.57 60.20
Median v 6.00 24.80 6.30 6.20 700.00 " 5.90
Mode © 530 5.30 ©5.30 700.00 700.00 : 5.30
Standard Deviation ' 427.48 797.76 424.12 427.68 742.86 507.21
Sample Variance 182742.10 636420.43 179878.11 182907.29 551839.00 25726417
Kurtosis ©-0.37 35.93 . -0.24 -0.37 24.87 -0.12
Skewness . 082 521 0.87 0.82 4.98 1.06
Coefficient of Variation Po1.22 1.82 1.23 1.22 0.89 1.32
Range ''1494.90 6099.22 1497.00 1499.36 3790.00 1699.41
Minimum 510 0.78 3.00 0.64 610.00 0.59 -
Maximum ’ 1500.00 6100.00 1500.00 _ 1500.00 4400.00 1700.00
Sum 1 24962.60 31589.97 24475.40 24946.28 20960.00 27343.80
Count : 71 72 71 71 25 71
Confidence Level (85.0%) i 99.43 184.27 98.65 99.48 291.19 117.98
Number of Detections Above Current Tier | 0 0 0 0 0 0
Number of Samples at 10% of Current Tier | ‘ 0 6 5 0 1 25
Number of Detections Above Proposed Tier | .- 0 1 0 0 0 25
Number of Detections Above Proposed Tier il l 39 - 33 31 0 25 37
Number of Non Detections ‘ 70 55 66 64 24 36
Number of Delections : 1 17 5 7 1 35
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